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The absorption of non-heme iron was measured in 10 meals designed to correspond
to a whole main meal with an energy content of about 1000 keal. The extrinsic tag
method was uscd to label the non-heme iron, and two meals were compared in each
subject by means of two radioiron isotopes. All absorption figures were related to
the absorption of a 3-mg reference dose of inorganic iron, and all absorption figures
were normalized to a 40% absorption from the reference dose, a level corresponding
to absorption in subjects who are borderline iron-deficient. In spite of the similar
energy content of the meals and only a twofold variation in content of non-heme
iron (3.9-7.8mg), there was a fivefold difference in absorption of non-heme iron
(0.33-1.80 mg). Considering also the content of heme iron in the meals, the calculated
variation in absorption was sixfold (0.33-1.95 mg). The main part of this variation
can be explained by a varying content of ascorbic acid and meat. The absorption of
iron from meals can be expressed in different ways. The percentage absorption is
a measure of the bioavailability, which can be markedly modified by several com-
ponents of a meal. The amount absorbed is, moreover, related to the amounts of -
heme and non-heme iron present. The amount absorbed per unit energy in the meal,
the bioavailable nutrient density, is an expression of great importance in the practical
assessment of the nutritive value of a meal with respect to iron.
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menus in different Western countries. The reason
for this was not that these meals were considered

In earlier papers it was reported that there was
amarked variation in absorption between differ-

ent Western-type breakfast, lunch, and dinner
meals (1, 2). The variation observed was greater
than could be anticipated from the content of
factors known to influence the absorption of food
iron, such as meat, fish, ascorbic acid, phytates,
and tea, Although it is possible to discern a certain
Pattern in the interplay between these different
factors, further studies are doubtless necessary
to explain fully the variation in iron bioavailability
 from different meals. In the earlier studies there
¥as 2 marked variation in the content of both
¢aergy and iron in the meals. The present studies
were thus designed to provide about the same
tnergy content in all meals, roughly proportionate
' 2 whole main meal. Meals were chosen from

to be representative of the average diet in these
countries but mainly to get a fairly wide spectrum
of meal types in the hope of obtaining further
information about factors affecting the bioavail-
ability of dietary iron. In most diets non-heme
iron compounds account for about 90% or more
of the iron intake, whereas heme iron derived
from hemoglobin and myoglobin only forms a
minor part of the dietary iron. Heme iron is only
affected to a minor extent by the meal compo-
sition and by the iron status of the subjects (3).
The variation in bioavailability of iron in different
meals is thus primarily related to the variation in
absorption of non-heme iron. The present studies
were therefore limited to measurements of non-
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Table I. The material (mean values + standard error of means)

Series No. and sex of Age, Height, Weight, Hemoglobin,
no. subjects years cm kg
1,2 8, M 3422 182.0+17 77.5x258 149 x2 4.8+
2,F 29 170.0 60.5 139 430+
3,4 8§, M 2722 181415 745+20 149+3 45914
2,F 35 167.5 66.5 139 435
5,10 4 M FAES] 1820+ 4.4 1.5+ 4.4 149 + 3 46.3 £ 03
: 6, F 54 165.0 2.1 58025 129+2 4122
6,7 6, M 30+3 181715 797+ 6.0 149+ 3 3t
4, F 294 1713+ 2.8 65.3+45 134x2 42,0204
8,9 6,M 271 185.8+2.9 83.0+4.4 154 +3 46813
3F 2=x1 163.0x 1.0 543x09 123+ 1 020,
- T —

heme iron absorption. The absorption of heme
iron was calculated from analyses of the heme
iron content of the meals and a fixed absorption
percentage of 25%, as based on findings in pre-
vious studies (3).

MATERIALS AND METHODS

Subjects

Forty-nine subjects, 17 women and 32 men,
“between 21 and 48 years of age, volunteered for
the present studies. Twenty-six of the men and
nine of the women were regular blood donors
and had given blood within the last year. Hema-
tological and other data are given in Table I,

Experimental design

Absorption of non-heme iron from ten com-
posite Western-type meals was studied. Each sub-
ject was served two different meals, A and B,
After the subjects had fasted overnight the two
meals were served on four consecutive mormings
in the sequence ABBA or BAAB. Meals A and
B were labeled with two different radioiron iso-
topes, “Fe and “Fe, respectively. A blood sample
was drawn 2 to 4 weeks after the last test, to
measure the relative jron absorption of the two
tracers. At the same visit whole-body counting
was also performed to measure the absolute
retention of *Fe. A solution of ®Fe-labeled fer-
rous sulphate containing 3 mg of elemental iron
and ascorbic acid (reference dose R) was then
given after an overnight fast on two consecutive
mornings. Two weeks later a second whole-body
counting was performed.

Preparation of meals

The meals were prepared and served as follows:

Ia the pizza meal (no. 1) the pizza was made from Bgg
unfortified wheat flour, yeast (78), water (50 g), oil 8g), uy:
salt (1g). The dough was rolled out in a round shape ahyg
3 mim thick, covered with 40 of tomato puree, decorated wi;
halves of black olives (25 g), fillets of anchovies (30g), uf
tomatoes in slices (125 g) and finally covesed with grated
(100 g). The pizza was baked in an oven at 250°C for Won
Each meal was labeled with 2uCi ®Fe, This radioiron wy
added to the wheat flour when kneading the dough. The pi
was served with 330 ml of beer (1.8% w/w alcohol).

In the hamburger meal (no. 2) the hamburger was made frori
115 g ground round of beef, scasoned with salt and pepped
shaped into a round patty, and fried in a hot
roll was made from unfortified white
margarine (4 g), sait, and yeast.

A milkshake was made from 100 g of ice cream (12% fy
200l of milk (3% fat), and 12 g of sugar and mixed in
electric blender. French-fried potatoes (90 g) were made
peeled potatoes, cut into thin strips, and fried with 10gof
in an oven for 10 min at 275°C.

Each mcal was labeled with 1.5 uCi Fe. The radjoiron
added to the milk when making the wheat roll dough.
hambursger was served in the roll together with mustard (3
slices of onion (5 g), ketchup (8 g), and pickied cucumber {61

The vegetable Soup (no. 3) was made from onion (100
potatoes (175 g), tomatoes (50g), and carrots (75 8). The veg:
ctables were washed, pecled, and cut into picces and thes
boiled in beef broth (500 ml) until tender, about 20 min.

Two rolls were made from 18 g of unfortificd white wheil
flour and 18 g of whole-meal rye. Each roll was labeled wity
1uCi ®Fe, added to the water when making the dough. T
rolls were served with margarine (12 g) and cheese (20 g). Wat
(150 ml) was served with the meal,

In the spaghetti meal (no. 4) 2003 of unfortified spagheti
from durum wheat was boiled for 8 min, Cooking oil (10g]
grated cheese (20 g), and ketchup (100 g) were poured over (i
hot spaghetti. The radiciron, 1pCi ¥Fe per meal, was mird
into the ketchup. Water (150 ml) was served with the meal.

In the fish meal (no. 5) deep-frozen fillets of cod (150 g) wert
steamed with butter (5 g), salt, and lemon juice for 15mig;
Horseradish sauce was made from § & of butter melted with
wheat flour (5 g) and 100 g of fish stock. The sauce was sclsﬂd
with finely scraped horseradish. Two wheat rolls were ou

fortification iron.
Curd cake (150 g) was mude from milk, wheat flour, .lmon&_
€88, sugar, and cream.
Each meal was labeled with 1.5 uCi “Fe. The radioiron |
added to each portion of boiled mashed potatoes. The boikd

i put into a ¢
p“}or 45 mi




was served with the horseradish sauce, mashed potatoes
7). boiled green peas (50 g), wheat buns with butter (15g),
d-ake with strawberry jara (35 g), and beer (330 mi, 1.8%

ol).

 the beg)f meal (no. 6} a shrimp cocktail was served first,
dressing of ketchup (6 g), chili sauce (6 g), horseradish, and
Jeion juice was poured over the shrimps, 25g, on a bed of
fuuce (5 g)- A muifin was made from 40 g of unfortified wheat
burter, milk, and sugar. The beef, 150 g, was grifled under
erate heat and cooked for about 5 min. The potato, 200 g,
‘baked at 225°C for 45 min. Lettuce (20g), sliced tomato
40g), and finely cut onion (10 g) were mixed with a dressing
ue cheese (68), oil (6 g). vinegar (2¢), salt, and pepper.
vanilla ice cream (65 g) was made from milk, butter, sugar,
ndig‘l meal was labeled with 1.5 uCi 5Fe, added dropwise to
Daked potato.
The beef was served with seasoned butter (20g), baked
~oiato, mixed salad. muffin with butter {15 g), ice cream, and
- foe water (250 ml).
kY In the English meal (no. 7) fresh, boneless, chicken meat
¥ {0g) was boiled for 20 min in clear soup made from a soup
mbe and water (300 ml). White bread was made of 30 g unfor-
ficd white flour. The steak and kidney pie was made from 38 g
steak and 63 g of calf’s kidney, cut into thin slices and rolled
g of wheat flour, mixed with salt and pepper. The meat
put into a pan together with enough water to cover and

for 45 min. Pastry, 85g, made from wheat flour, salt,
margarine, was rolled out to fit a small aluminium dish,
ender meat was placed in the dish and covered with pastry,

with egg yolk. The pie was baked at 250°C for 20 min.
ed green peas and carrots, 50 g, were heated for 30 min,
was made from mandarin fruit syrup (50 ), water (100 g),

, The radioiron, 1uCi %Fe, was added to the boiled meat in
dic pie, before covering with pastry. The meal began with the
chicken soup with bread and butter, followed by the steak
kidney pie with boiled vegetables and beer, 330 ml (2.2%
alcohol). The meat ended with jelly with whipped cream

B0y
_ One of the two Spanish meals consisted of Galician soup (no,
;-3 with bread and wine. White dried beans (35 g) were soaked
L water overnight. The beans were put in a kettle with water
Hwl), 20g of beef, and 35g of smoked ham, all cut into
all strips, and 25 g of salt pork, cut into cubes. Onion (15g),
(35g), gatlic, salt, and pepper were added to taste.
The soup was allowed to simmer for 1h. Boneless chicken meat
(20) was added together with potatoes (75 g) and white turnips
8). peeled and cut into cubes, and white cabbage (75 g), cut
Jquares. The soup was allowed to simmer for another
- Bread was made from 76 g of unfortified white four.
The radioiron, 1.5 uCi 5Fe per portion, was added to the
Uh. The soup and bread were served together with 300 mi
Spanish red Rioja wine (iron content, 7.9 mg/).
In the other Spanish meal {no. 9) gazpacho soup was made
tomatoes (150 g), ber (75 g), garlic, water (20g),
“wyounaise (5g), vinegar (10ml), and white bread (8g), all
! ed in an electric blender at high speed. The mixture was
Toused into a sicve and pressed and stirred to extract as much
" juices as possible. The soup was chilled before serving.
Q_l_lcken pieces (200 g), seasoned with salt and pepper, were
Xdmned in oil (4g). Chopped onion (50g), half a clove of
Yy minced garlic, seeded, cored, and chopped green (50 g
%4 red (20g) peppers, a cup of cauliffower (75g) were all
Sombined in a skillet with oil (38). The fried chicken pieces
. Were added together with chicken stock. The vagetables and
D was allowed to simmer for 20 min. Bread was made
30g of unfortified wheat fiour. For caramel custard, sugar
'8) and a teaspoon of water was placed in a heavy skillet
‘eated over low heat until the sugar turned into a golden
g's'sv- The caramel syrup was poured into a glass beaker. Milk
¥>ul) was brought to the boil aad then added fo an egg
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(60g), beaten with sugar (5 g). The mixture was poured into
the glass beaker, placed in a baking dish half filled with water,
and then baked at 175°C for 30 min. The meal included 300 m]
of red wine, Rioja tinto (iron content, 7.9 mg/l). Each meal was
labeled with 1.5 uCi **Fe per portion, added to the water when
making the dough.

In the ltalian meal (no. 10) unfortified spaghctti (75 g) made
from durum wheat was boiled for 8 min. Minced, smoked ham
(25 g) was fried in oil (3 g) together with finely chopped onion
(40g), carrot (35g), celery (15g), and thin slices of garlic.
Minced beet (60g), tomato puree (5 8), beef bouillon (75 ml),
and salt were added. This ragout was allowed to simmer for
2 h. White bread was made from 75 g of unfortificd wheat flour.
The radioiron, 1.5 uCi *Fe, was mixed into sach portion of the
meat sauce.

The meal was stafted with antipasto misti: artichoke hearts
(25g). pickled peppers (30g), anchovies (10g). black olives
(148), and giardiniera (25 g mixed vegetables in wine vinegar).
Pasta with ragout Bologuese followed. Bread and 300 ml Italian
red wine (Chianti type) were served with the meal (iron con-
tent, 9.7mg/l). The meal was ended with an orange (175g).

Chemical composition of meals

Aliquots of the different meals were freeze-
dried and then finely ground to a powder in a
porcelain mortar. Weighed amounts of this pow-
der were analyzed for total iron (4), non-heme
iron (4), phosphorus (5), phytic acid phosphorus
(6), and ascorbic acid (7). Owing to the difficulties
in determining heme directly in mixtures con-
taining other chromogens, heme iron in the meals
was calculated as the difference between total
iron and non-heme iron. The chemical compo-
sition of the meals is given in Table II.

Oral reference doses of iron

A solution of 10ml 0.01 M hydrochloric acid
containing 3mg iron as ferrous sulphate and
30 mg ascorbic acid was used as a reference in all
studies. Each subject received a total of 1.5 nCi
of ®Fe. The 10-ml vials containing the iron sol-
ution were washed twice with water, and this was
also drunk,

Iron absorption measurements

The relative absorption of “Fe and *Fe was
calculated from analyses of blood samples. The
absolute absorption was measured using whole-
body counting of ¥Fe. The analyses of *Fe and
*Fe in blood were made with liquid scintillation
by means of a modification of the method
described by Eakins and Brown. All procedures
and methods of calculations have been described
previously (8).



54

1

L. Hallberg & L. Rossander

sfuelo ‘oum ‘peaiq ‘jeam .

6v S8 9 o v 9'0 . 8L 0sT1 ‘maydeds ‘st psednuy o1
. EL7Y
‘peaq ‘(prejsno jaureres) ey

0 001 134 [44 L Io 9L (4111 ‘$3[q1a32 “uaNOMp ‘ofordzen 6
UM ‘peaiq ‘(-39
§3012W0} ‘uomo ‘sueaq

96 1z L 81 08 80 7L 086 Y4 jeowr) dnos uepifen 8
AQ13! “199q ‘rapng ‘peaiq
‘sjouren ‘sead ‘ord Aaupry

0 0 114 9z 99 6'0 LS orot . Pue Ye3s ‘dnos uaxon) L
191eM
‘urears 201 ‘oyejod ‘pejus

0 9% Sy (43 v'L (A z9 086 219819834 ‘30q ‘sdupryg 9
. 133q ‘oxes pmo ‘1o1nq

61 o iy 8¢ 8L 0 8L 0501 Pe31q ‘saciEred ‘poo papog <
’ : Iem ‘dnyojay

(34 oz (43 0 6y 0 6y 0zo1 Ojewio; ‘a8a9yo ‘mayfeds 4
J9jem 3593 ‘Jonng

st 01 9% 0 0L 0 0L o101 ‘PE21q 341 “dnos sjqeredop £
aNeysynu ‘saojejod
: PAU-youaLy ‘preisnw ‘dnyojsy

0 0 Ly 9 [ ¥ [ 6'¢ 0£01 018WO] ‘pealq “1331nqureyy T
1324 3539 ‘$90)8WO}
‘saIa0Yyoue ‘saaro ol

0 0 %4 14 (44 0 Ty (L1] *os1nd oyewo) yum ezziy 1

3w 3w [e10], qsy EI0oL ELIETE] . dWay-uoN Jeoy uontsodwoy) ‘ou

‘prow ondyyg ‘pIde d1qI00sYy ‘ygow ‘A3soug Apmg

woiyg
2 ‘uimoig Sw ‘uosg

Tesw 343 jo uongsoduwio)) Iy ajqe].



ABSORPTION of NON HEME IRON {mg}
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Non heme Energy
iron

Method for expressing iron absorption resuits

Since there is a high linear correlation between
the absorption of iron from meals and from ref-
crence doses in a group of subjects, and since the
regression line can be assumed to go through the
origin, the mean absorption of iron from a meal
was related to the mean absorption from the
teference doses. The ratio of these two mean
values was then multiplied by 40 to obtain the
Wean food iron absorption value corresponding
102 40% absorption from the reference doses.
The details of the rationale of this technic have
been described (9, 10).

RESULTS

The results of the absorption measurements from
the ten meals are given in Table TIT and in Fig.

{mg) {keal)
Pi . 033 .
£ el S 2 o
tomatoes, cheese) Beer
IMOYGEr, bread, hl-ML 3.9 1030
chup. mustard, franch.- fried
potatoes. milk shoke
v, 0.55 7.0 1010
,—f.%ﬂﬁﬂ_m“‘ 2R e TMW
water -
Spagetti, cheese, 0.59 4.9 1020
tomoto ketchup, water W
Boiled , pofatos: 0.60 7.8 1050
Boiled Cod.porotons. | rrrrrrmrerrarrz:
Beer
Shimps.beet . L e 62 980
vegstfable solad, potato,
ice cream, water
icken soup, steak 28 57 1010
and kidney pie.
Peas, carrots, breod, butter
Senr. Jolly
R (meat, 116 7.2 980
white baons. onion, foma-
toes #1c). Bread. Wine
ﬁlﬂﬂm_ihkkm- Mx“ 7.6 1040
vegetobles, Flan (coromel  [*
custard). Bread. Wine
Antipasti misti, a— 7.8 1so
prrs " Firi 1777700005000,
bread, wine. Crange
o |
1.00 2.00mg

Fig. 1. Absorption of non-heme iron from 10 different whole meals with a similar .
energy content. The content of non-heme iron in the meals is also given. The
calculated heme iron absorption figures arc given in Table III.

1. The absorption of non-heme iron varied from
0.33mg in the pizza meal (no. 1) to 1.80mg in
the Italian whole meal containing antipasti misti,
spaghetti with meat sauce, white bread, orange,
and wine (no. 10). The absorption of non-heme
iron thus varied more than fivefold in spite of the
similar energy content of the meals. Only a minor
part of this variation in absorption can be related -
to differences in content of non-heme iron in the
meals. The content of heme iron was analyzed,
and the absorption of heme iron was calculated
using a fixed percentage absorption of 25%. This
figure was derived from a previous study (3). The
calculated absorption of heme iron in the different
meals is also included in Table III. This table also
shows the bioavailable nutrient density of iron in
the different meals, both for non-heme iron alone
and for heme and non-heme iron combined. Bio-
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(11.8-73.2)

ble nutrient density is defined (11) as the
aunt of iron absorbed (mg) per 1000 kcal in
iects-who are borderline iron-deficient (that
tave a reference dose absorption of 40%).

USSION

s main finding in the present study is the sur-
ing variation in iron absorption between the
erent meals, in spite of their very similar
content of about 1000 kcal. Most of the
contained various amouats of heme iron
if the amount of heme iron absorbed was
gisregarded, the variation in absorption of non-
peme iron between the meals was very marked.
ﬁg 1shows that there was more than a fivefold
erence in absorption of non-heme iron, rang-
g from 0.33 to 1.80 mg.
. As mentioned in the introduction, the absorp-
fion of heme iron was not measured in the present
#udy but estimated to be 25% on the basis of
msults from earlier studies in which different
#mounts of heme iron were given in different
meals to subjects with different iron status 3).
The error introduced by the calculation of heme
n absorption, simply using one figure, is prob-
ly quite small with the present types of meal.
[ the amounts of heme iron estimated to be
absorbed is added to give a total iron absorption,
variation between meals was even greater,
‘naging from 0.33 mg to 1.95 mg, or sixfold.
There are two main factors known to enhance
the absorption of non-heme iron: 1) ascorbic acid
ind 2) meat and fish. None of these factors was
present in the two meals with the lowest per-
featage absorption (7.9% and 7.9%)—the veg-
#able soup and the pizza meal. The amount of
on absorbed from the vegetable soup was con-
Siderably higher because of the high iron content
- 0f the meal,
Considering the percentage absorption, an
termediate group was formed by meals §, 4,
4d 2 (cod, spaghetti, and hamburger meals).
- The absorption was 10.4%, 12.1% and 12.2%,
Rspectively. In the cod and hamburger meals
there was one enhancing factor present (fish or
 eat) but no ascorbic acid. The spaghetti meal
id not contain meat, but there was a small
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amount (20mg) of ascorbic acid present, which
may be the reason for the higher absorption com-
pared with the other two non-heme-containing
meals (vegetable soup and pizza). ’

In the present study the absorption of non-
heme iron from the fish meal (no. 5) was only
10%. In an earlier report iron absorption from
a similar meal was 19% (2). It is possible that the
curd cake eaten with the fish meal had an inhibit-
ing effect on the iron absorption, perhaps because
of its content of eggs.

Four meals (nos. 6 and 8-10) contained both
meat and ascorbic acid, and the absorption in this
group ranged from 15% to 23%. Three of these
meals (8-10) were served with wine. As shown

- in a previous study (12), wine per se has only a

slight effect on iron-promoting absorption. How-
ever, it often contains, as in the present study,
considerable amounts of iron, thus increasing sig-
nificantly the absorption of iron. The highest
absorption of non-heme iron (23 %) was from the
Italian-type meal (no. 10). It is possible that this
reflects a combined effect of the acidity of the
antipasti misti, the ascorbic acid in the orange,
the meat, and possibly the wine.

Heme iron is generally considered to be
absorbed better than non-heme iron. It is there-
fore of interest that the absorption of non-heme
iron from this meal is of the same magnitude
(25%) as the absorption of heme iron from
meat-containing meals (3). A very high absorp-
tion (18.9%) was found from the meal (no. 7)
containing only meat as an enhancing factor. The
meat content was not greater than for the cod or
hamburger meals. There may be some other
unknown factor enhancing the absorption in this
meal.

Meal composition and meal patterns vary
greatly from one country to another, and in
Europe, for example, the intake of vegetables,
fruits, meat, and wine are often markedly differ-
ent in northern and southern countries. In com-
parative assessments of the iron nutrition in dif-
ferent countries or population groups, it is not
sufficient to base the comparison on the intake
of iron or the intake of heme and non-heme iron;
differences in ‘meal composition must also be
taken into account. It was recently suggested that
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in comparing the bioavailability of iron in diffe.
ent meals, the results should be expressed a !
amount of iron abserbed per unit energy, agg “t
concept of bioavailable nutrient density was int;
duced (11). In Table III the bioavailable. Nutriey
density is also included. Fig. 2 shows the Presey;
results and the bioavailable nutrient density y;
Western-type breakfasts and lunch/dinner m,
given in previous reports (1, 2).

In menstruating women 10% have iron loss
exceeding 2.2mg/d (13). Thus with an energ!
intake of 2000kcal an average absorption
1.1 mg Fe per 1000 kcal is needed to cover t
iron requirements in 90% of women. In Fi.
ahorizontal dotted line indicates this critical val
to make this comparative analysis of the b
availability of iron from different meals mog
concrete. ‘ :

Absorption from different hamburger mes
can be compared to illustrate the usefulness
bioavailable nutrient density (Table IV). The pé
centage absorption from the hamburger meal
the present study was 12.2, very similar (12.7
to a similar hamburger meal, previously repo
not containing milkshake and containing mash
potatoes instead of French-fried. potatocs.
content of energy and non-heme iron of the pr
ent meal was 1030 kcal and 3.9 mg, respect
compared with 450 kcal and 3.0 mg in the ba
burger meal reported earlier. When comm
methods of comparison are used, the pre
hamburger meal would turn out to be supe
having a higher content of non-heme iron, 3
instead of 3.0 mg, and showing a higher absof
tion of iron, 0.48 instead of 0.38 mg. But wh
the absorption is related to the energy intake, f

present high-energy hamburger meal has a
available nutrient density of only 0.47 mg, coi
pared with 0.84 mg absorbed iron per 1000 ki
in the low-energy hamburger meal.

The present study illustrates several factors th
need to be taken into account when compail
the iron absorption from different meals. Firl}
the studies must be designed so that differend
in iron status of the subjects served difft
meals has no determining effect on the resul
Other factors being the same, the amount of if
absorbed from a meal is of course related t0 4

Bioavailable
nutrient density,
mg Fe/1000 kcal

0.47
0.84

mg
0.48
0.38

Non-heme iron
absorption

%
12.2
127

Non-heme
iron
mg
9
0

Energy,
kcal
1030

450

» mustard, ketchup, French-

Meal composition

* Absorption figures are corrected to 40% reference dose absorption.

Table IV. Comparison of different measures of iron absorption® from two scemingly similar hamburger meals

Hamburger, mashed potatoes, string beans, water

Hamburger with bread
fried potatoes, milkshake
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g , 284
e absorption l Bioavailable
J270 Nutrient Density
: g/'ooo keal ] fo cover iron req.

[ in90% of women
at different energy
7 intake (keal)

——————i

cvavq

il |

---------------------------- 142000

I JII lll

camemnd

———— - .

Breakfast meals Meat- fish No-meat 13425679810
(fortified) dishes dishes Complete meals
{fortified)

g 2. Bioavailable nutrient density (milligrams iron absorbed per 1000 kcal by borderline iron-deficient subjects) -
meals served in the present study and in previous studies (see text). The dotted vertical lines represent calculated
fic iron absorption. The numbers below the bars are the meal numbers used in the text. The dotted horizontal
is a critical value for bioavailable nutrient density in menstruating women with an energy intake of 2000 kcal

e text).

unts of heme and non-heme iron present in
tie meal. Several components of the meal can
narkedly modify the bioavailability of its iron
especially of the non-heme iron; thus the
position of a meal plays a decisive role in
trient bioavailability. The percentage absorp-
@n can be considered as a measure of the bio-
tvailability, However, both the amount absorbed
id the percentage absorbed are insufficient as
basis for the practical assessment of the nutritive
Walue of a meal with respect to iron. As the
+ Wverage daily intake of energy is limited, it is
Becessary to relate the absorption of iron from
3 meal to its energy content, to define the bio-
soailable nutrient density. The iron absorption
°m a meal can then be assessed in relation to

iton requirements and energy expenditure and
ftake,
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