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Sugar as a vehicle for iron fortification'2

Miguel Layrisse,® Carlos Martinez-Torres,* Marta Renzi,® Fermin Velez,®

and Magdalena Gonzdlez’

ABSTRACT

Sugar as a vehicle for iron fortification presents several advantages over the other

vehicles used in the last three decades. In vitro studies demonstrated that ferrous sulfate added to
sugar in proportion of 1 mg to | 8. respectively, is maintained in the ferrous form for a period of at
least | year and does not induce adverse changes in the vehicle. Sugar, by itself, carries practically no
inhibitors for the absorption of iron, Iron absorption from fortified sugar mixed with vegetals is the
same as that of native vegetal iron. The absorption from fortified sugar is increased more than 50%
over that observed from native vegetal when it is administered as a drink during the ingestion of a
meal. A further increase in absorption was found when fortified sugar was administered with

be extended to all sugar consumption or be restricted to soft drinks,

8-18, 1976.

The extrinsic tag method has demonstrated
that foodstuffs such as wheat flour, maize,
and milk contain an excess of absorption-
inhibiting substances that affect in the same
proportion the absorption of both native food
iron (intrinsic iron) and iron fortification
(extrinsic iron), independent of the dose of
iron fortification administered (0.1 to 60 mg
Fe) and the valence of the iron salt (1-6). The
absorption of both extrinsic and intrinsic iron
is substantially increased by the ingestion of
meat, fish, and fruits. These findings question
the utilization of food enrichment for the
prevention of iron deficiency anemia, espe-
cially in populations relying for their subsist-
ence mainly on vegetable foods,

In the past 2 years the authors have tested
other vehicles that could replace advanta-
geously the classical ones used in the past 30
years. This study shows that sugar has a great
advantage over other vehicles previously
used. Its interference with the absorption of
iron used as fortification is negligible; this is
clearly evidenced when the enriched sugar is
ingested between meals as a solution in water
or with some beverages.

Am. J. Clin, Nutr, 29;

Materials and methods

One hundred sixty adult peasants from rural areas of
Venezuela consented to be tested for this study. These
subjects were in apparent good health with the exception
of those with iron deficiency anemia. For each subject, in
addition to iron absorption tests, hemoglobin concentra-
tion (7), serum iron concentration (8), and unsaturated
iron binding capacity were also determined (9).

Source of labeled 1est material

Foods. Wheat and black bezns were biosynthetically
labeled with radioactive iron according to methods
previously described (10).

Radioactive iron salts. Ferrous sulfate solution was
prepared by mixing tagged ferrous sulfate with a specific
activity of about 10 to 50 uCi/ug with a given amount of
carrier ferrous sulfate, The preparation of the reference
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dose of iron ascorbate was made
studies (10).

Preparation and mixing of labeled

Enriched sugar. In vitro studies
carried out by preparing aliguots -
with 5 mg of iron in the forms of
ferrous sulfate coated, ferrous suj
ammonium citrate, and iron glyc
tional aliquots of these iron ce
prepared but this time 30 mg of asc
to each one. Each aliquot was kept :
with screw caps and tested perio
taste. Aliquots were also tested
presence of Fe®* by the method of
nide and ammonium thiocyanate (i
expressed qualitatively: traces, po
positive.

The enriched sugar preparations
studies were made by mixing sugar
salt before the absorption tests. At th
tion the enriched sugar was either r
or given as drink during meals or bey

Standard meal

A meal popular in the northern pa
and Central America was used as
contains: black beans (1.8 mg Fe)
maize or wheat (1.0 mg Fe), and
Details of preparation are given else

Diets

A diet consumed by low socioeco
tants of Los Andes was selected
represents an average of foods cox
times a week. The basic vegetable foc
eaten at each meal; milk is usually .
and supper, a small piece of meat is
one egg is eaten at supper.

The diet contains 2171 calories, o~
of fat, and 33 mg of ascorbic acid—14
mg at supper. The total iron inta;
non-heme and 1.2 mg of heme iron i:

The foods consumed in this diet -
described in a previous publication (1.
of several foods was increased in ordce
caloric intake close to 2,000 calories. v
intake for adults in this area. The onny
€gg which was included in the supper.

Statistical anal Iysis

As in previous studies (3, 4, 10, |
absorption and standard deviation we:
the logarithm of the percentage of at
Tesults were retransformed as antiloga
the original units, Statistical compari

absorption tests was determined in pa
test (14),

Absorption studies

Labeled iron salt with a labeled food
In the morning after an overnight fast.
Was allowed for 3 hr after the administ
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dose of iron ascorbate was made according to previous

tive material. Blood was drawn [5 days later to deter-
studies (10).

mine hematological characteristics and radioactivity,
The subjects were fed again on the 15th day with new
Preparation ang.i mixing of labeled est material i

Enriched sugar. In vitro studies of enriched sugar were day. A small amount of iron (0.1 mg Fe), in the form of
carried out by preparing aliquots of 5 g of sugar mixed ferric chloride gnd' labeled with either 59Fe or **Fe, was
with S mg of iron in the forms of: ferrum reductatum,  used as an extrinsic tag to measure the iron absorption
ferrous suifate coated, ferrous sulfate uncoated. ferric  from vegetal foods in each meal, The labeled iron salt
ammonium citrate, and iron glycerophosphate. Addi. was mixed with a maize dough during the preparation of
tional aliquots of these iron._compounds were also each meal, Accordingly, breakfast tagged with **Fe was
prepared but this time 30 mg of ascorbic acid were added admm:stercgi the first day, lunch fabeled with **Fe the

expressed qualitatively: traces, positive, and strongly increase of radioactivity found on the 30th day. Approxi-
positive. mately 0.6 uCi of 59F¢ and 2 4Cj of 55Fe were used in

The enriched sugar preparations for iron absorption  each test. Duplicate 10-m1 blood samples were prepared
studies were made by mixing sugar with labeled ferrous  for radioactive counting by wet ashing and electroplating
salt before the absorption tests. At the time of administra- f'ollowing- the technique of Dern and Hart (15, 16).

.

Diets Results

A diet consumed by low socioeconomic class inhabi- I it tudi
tants of Los Andes was selected for thjs study. It Mt vitro studies

The color and taste of the enriched sugar
caten at each meal; milk is usually drunk at breakfast had Cl_]anged after,z ,moth,Of:Storag(? Only_m
and supper, a small Piece of meat is eaten at lunch, and  the allqquS containing ferric ammonium cit-
rate and iron glycerophosphate: the other
aliquots, containing ferrum reductatum, fer-
. ; ) rous sulfate coated, and ferrous suifate un-
Mg at supper. The total iron intake is 14.6 mg of ated ined h: d duri 12
ton-heme and 1.2 mg of heme iron from meat. coated, remaine unchange uring
The foods consumed in this diet ape similar to that  months of observation. Trace amounts of
described in z previous publication (12), but the amount Fe3+ were detected in the ferrous sulfate

caloric intake o 2,000 calories, whieh oo uncoated since the beginning of the observa-
saloric intake close to 2,000 oy ories, which is the average . 3+ i
intake for adults jn this area. The only exception was the ~ t0N, but this small amount of Fe** did not

€88 which was included in the supper. increase during the total observation. Ferrous

Staricr: ) sulfate coated and ferrum reductatum re.-
tatistical analysis mained free of trivalent iron for 3 months;
As in

they then started to reveal it in trace amounts,
The aliquots containing 30 mg of ascorbic

the logarithm of the percentage of absorption and the 7,
Tesults were retransformed as antilogarithms to recover = aCid each beha‘{ed as follows: thfj‘ (',‘OIOI' dn,d
original units. Statistical comparison between two  taste of the enriched sugar containing ferric
bsorption tests was determined in pairs by Student’s 1 salts were changed after 5 months and the
fest (14), other salts remained unchanged. Trivalent
Absorption studies iron was not detected in the two ferrous
. Labeled iron sait with a labeled food was administereq ~ SUlfate prep_aratlons durmg the first SJmonths
In the morning after an overnight fast. No food or drink ~ Of observation but trace amounts Wwere de-
as allowed for 3 by after the administration of radiogc. tected in the last 7 months. No reaction was
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TABLE |
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Iron absorption from fortified sugar administered with a meal

Hb, g/

Transferrin

Iron absorption (%)

Standard diet + sugar
(10 g) + ferrous suifate

Identification 100 ot saturation (5 mg Fe) Iron ascorbate
(%) (3 mg Fe)
a B A/B “Fe
FesO. vegetal ratio
A) Sugar enriched with labeled ferrous sulfate mixed with labeled wheat dough
R.B. 14.2 20 04 0.3 1.33 4.1
D. B. 14.9 36 0.9 1.0 0.90 15.0
J.G. 16.3 25 1.5 1.1 1.36 10.6
M. G. 13.1 19 2.4 1.8 1.33 14.0
C.S. 15.7 35 3.1 3.2 0.97 21.0
L.V, 16.0 31 3.2 36 0.89 20.3
M. M. 15.1 34 34 2.8 1.21 14.6
O.T. 16.0 23 4.1 3.1 1.32 16.6
N.B. 13.3 26 5.8 4.6 1.26 40.5
G.P. 14.7 10 - 7.1 6.3 1.13 43.7
A.R. 15.5 23 11.4 11.4 1.00 16.9
A.R. M. 13.8 8 23.1 233 0.99 68.2
Mean 14.9 24 33 3.0 113 18.8
SE 1.4 1.4 0.04 1.2

B) Sugar enriched with labeled ferrous sulfate plus 100 mg of ascorbic acid mixed with labeled wheat dough
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C) Sugar enriched with labeled
labeled wheat

Jerrous sulfate administered as a drink in the middle of a meal including intrinsically
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2.15
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0.9

TABLE 1 (continued)

Identification

D) Sugar enriched with labe
labeled black beans
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on absorption (%)

-+ sugar
us sulfate c
) Iron ascorbate
(3 mg Fe)
"tal A/.B S5Fe
A ratio
e
h
3 1.33 4.1
0 0.90 15.0
1 1.36 10.6
8 1.33 14.0
2 0.97 21.0
6 0.89 20.3
8 1.21 14.6
1 1.32 16.6
6 1.26 40.5
3 1.13 43.7
4 1.00 16.9
3 0.99 68.2
0 113 18.8
4 0.04 1.2

xed with labeled wheat dough

3 0.77 13.1
9 1.00 2.7
2 1.05 13.4
5 0.80 36.4
9 1.03 27.4
3 0.83 25.8
2 0.88 14.6
8 0.95 19.3
3 0.86 18.6
2 1.10 24.2
9 1.12 14.2
6 1.01 74.6
5 1.04 69.9
4 0.96 20.5
3 0.03 1.3

idle of a meal including intrinsically
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TABLE 1 (continued)

4
Transferrin
Identification Hb, g/ saturation
100 m1
(%)
'

%

Iron absorption (%)

Standard diet + sugar
(10 g} + ferrous sulfate

S F
(SmgFe) Iron ascorbate
(3 mg Fe)
A B A/B s5Fe
FeSO, vegetal b
59F¢ $5Fe ratio

D) Sugar enriched with labeled ferrous sulfate administered as a drink in the middle of a meal including intrinsically

labeled black beans

P. A. 16.6 31
N.G. 14.8 25
Y. B. 13.5 19
J.G. L. 17.9 44
C. A 14.8 11
F.A.D 15.4 25
E.R.C. 12.9 19
M.M.R. 15.0 19
G. B. 13.6 24
F. M. 16.2 25
Mean 15.1 24
SE

0.9 0.5 1.8 2.7
1.1 0.9 1.2 11.0
1.3 1.0 1.2 52.0
2.6 1.9 1.4 15.3
5. 4.0 1.3 81.2
54 4.4 1.2 14.0
9.2 29 32 61.8
9.6 7.9 1.2 30.5
9.8 6.4 1.5 309
25.7 7.9 33 319
4.3 2.7 1.49 234
1.4 1.4 0.17 1.4

observed with ferrum reductatum during the
same period.

Iron absorption from fortified sugar
administered with a meal

Table 1 shows the effect of a standard meal
on the absorption of both extrinsic and intrin-
sic iron. These studies were made to find out
whether the absorption of inorganic iron
incorporated into the sugar is affected by the
absorption-‘inhibiting substances present in
the vegetals in the same proportion as is the
native vegetal iron. In experiments A and B,
in which iron fortification was mixed with
wheat dough and then cooked and adminis-
tered with the meal, the mean absorption
ratio of extrinsic to intrinsic iron was close to
one. The addition of 100 mg of ascorbic acid
In experiment B increased the absorption but
the ratio remained the same. In experiment
C, in which the enriched sugar is administered
during the meal as a drink, the results indi-
Caled that iron fortification absorption was
'ncreased about 60% more than that of the
Native food iron. Similar results were also
found when enriched sugar was administered
45 a drink in the middle of the standard meal
'n which black beans had been biosyntheti-
Cally Jabeled with 55Fe.

Iron absorption from fortified sugar
administered with beverages

Table 2 shows the absorption of 5 mg of
iron as ferrous sulfate mixed with sugar and
added to different beverages. The amount of
intrinsic iron in these beverages is rather
small, less than 0.5 mg/dose. According to
the absorption of a reference dose of ferrous
salt administered alone, each of the beverages
tested inhibits to a certain extent the absorp-
tion of iron fortification. Thus, the mean iron
absorption from Coca-Cola, Pepsi-Cola, and
orange juice is more than 10%; from coffee it
is about 7%, and its absorption is further
reduced when coffee is administered with
milk.

Table 3 shows the absorption of 3 mg of
iron from enriched sugar added to beverages
and administered in several conditions. The
absorptions from Coca-Cola and from coffee
are very similar to those observed in Table 2:
absorption from them increases when the
enriched sugar also contains 50 mg of ascor-
bic acid, and it is markedly reduced when it is
administered with the standard meal.

The absorption-inhibiting effect of sugar is
practically null. The absorption of iron from
enriched sugar given alone was 32%, and the
mean absorption ratio of fortified sugar to the
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TABLE 2

Iron absorption from fortified sugar administered with beverages

Iron absorption (%)

Transferrin

Identification Hb. g/ saturation Sugar + Sugar + Sugar S:Og;};: Sugar + Iron
100m! (%) Ojl;‘;lir(l:ge CC(:)CIZ- cogt‘l'e: m}ﬁ !ggls; ascorbate
A) Sugar (10 g) enriched with labeled ferrous sulfate (5 mg F/'e) added 10 beverages
F. M. 14.5 28 1.8 2.3 1.2 16.2
J.C.V. 13.9 38 2.4 1.9 2.2 5.3
E.G. 12.5 18 ~34 8.0 6.3 32.1
R.N. 13.3 29 5.2 9.5 34 9.6
J.C.D 12.9 19 6.9 14.3 42 22.1
G.S. 12.5 17 9.2 8.7 5.4 10.8
M.E.G 11.9 22 10.4 17.4 6.0 37.8
N.R. 14.5 38 13.3 25.6 18.4 33.8
A V. 14.5 23 29.8 20.3 15.7 253
Y. M. 14.7 38 317 19.3 6.0 245
Y.G. 12.2 19 45.8 350 17.6 53.0
E.R.C. 13.7 24 79.0 56.7 60.1 97.2
Mean 13.4 26 10.7 12.5 7.0 233
SE 1.4 I.3 1.3 1.2

B) Sugar (10 g) enriched with labeled ferrous sulfate (5 mg Fe) added 1o either Pepsi-Cola or coffee with mitk

J. M. 13.1 31
R.C. 13.8 47
P.S. 15.3 39
E.R. 14.5 33
D.R. 13.7 18
C. A 14.3 16
R. V. 15.3 25
A.G. 13.5 18
M. L. 13.3 30
E.P. 13.3 30
R. B. 10.7 12
Mean 13.7 27
SE

0.6 17.6 229
1.0 4.4 10.3
2.4 5.6 13.3
2.9 354 61.5
4.1 32,6 50.7
39 30.6 395
7.6 15.9 17.4
12.5 11.2 15.8
5.5 29.6 347
9.6 28.4 32.6
25.8 339 57.3
4.3 18.3 27.5
1.4 1.3 1.2

reference dose of iron ascorbate from the
seven subjects tested was 0.92.

The results shown in Tables 2 and 3 can be
compared with more accuracy when the re-
sults are calibrated according to the absorp-
tion of the reference dose of iron ascorbate
which has been tested in each study. This is
calculated by multiplying the absolute mean
absorption from each test by the ratio be-
tween the composite mean absorption from
the reference dose of all individuals and the
mean absorption from the reference dose for
the given study (Table 4). The absorption
ratio of enriched sugar administered with
beverages to the reference dose of iron ascor-
bate showed some unexpected results. In the

case of fortified sugar given with orange juice,
the absorption ratio was lower (0.45) than
that observed when with Coca-Cola and Pep-
si-Cola, which were 0.54 and 0.66, respec-
tively. This difference in absorption is not due
to ascorbic acid content, since the orange
juice used contained 60 mg/100 ml and the
other two beverages contained about 0.5
mg/100 ml. Fortified sugar administered with
Coca-Cola did not exhibit a marked absorp-
tion increase when the sugar was enriched
with 50 mg of ascorbic acid, but its absorp-
tion was markedly reduced when it was
administered with a standard meal containing
several vegetals. The absorption of fortified
sugar administered with coffee was increased

TABLE 3

Iron absorption from enriche
%“

Identification Hb, g/100 1
-
A) Sugar (5 g) enriched with |a.
-

C.R. 14.7

R.V, 14.3

C.R. 136

F.B. 139

M.D. M. 13.4

L.C. 14.7
T.S. 16.1
D.A. M. 16.4
R.P. 14.0
E.C. 14.3
C.R.V. 13.4
R.C. 10.8
R.G. 1.7
F.P. 16.8
S.H. 13.8
D.S. 16.4
L.S. 11.2
M.R. M. 12.6
Mean 14.0
SE
_—m—
B) Sugar (5 g) enriched with labe
-_—
N.J.R. 16.0
J.B. 14.5
R.P 12.7
O.T. 13.3
M.E. L. 12.0
M. D. 15.4
N.B 13.3
M.C 13.4
C.v 12.2
Mean [3.6
SE

—_—
Q) Sugar (5 g) containing labeled f,
uring the intake of a standard m .

m
x

- 12.2
R.G “.2
M. T 14.3
C.S 13.8
F.B 20
M.J. C. 115
J.1.C 12.7
T 1.3
F.H 9.2
F.B $s
Mean 11.2

|
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Sugar +
coffee
with
milk

Sugar +
Pepsi-
Cola

Iron
ascorbate

ges

0.6 17.6 22.9
1.0 44 10.3
24 5.6 13.3
2.9 354 61.5
4.1 32,6 50.7
39 30.6 39.5
7.6 15.9 17.4
12.5 11.2 15.8
5.5 29.6 34.7
9.6 28.4 32.6
25.8 339 57.3
4.3 18.3 27.5
1.4 1.3 1.2
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TABLE 3

Iron absgrption from enriched sugar administered with beverages

SUGAR AND IRON FORTIFICATION

Transferrin

Iron absorption (%)

Identification Hb, g/100 ml sauz{ya)tion El?;:rhj-d ES;EAC:]id E:l:lgc;]fd asclcgl(')gate

° Coca-Cola coffee only - (3 mg Fe)
*Fe *Fe s3Fe soFe

A) Sugar (5 g) enriched With labeled Serrous sulfate (3 mg Fe) added to beverages

C.R. 14.7 27 6.1 3.0 11.1

R.V. 14.3 24 8.3 3.3 10.7
C.R. 13.6 34 10.3 38 12.8
F.B. 13.9 34 10.3 4.1 21.6
M.D. M. 13.4 30 12.3 8.2 49.7
L.C 14.7 34 13.2 13.1 43.1
T.S. 16.1 57 13.9 8.7 37.5 22.5
D.A. M. 16.4 26 14.7 4.2 38.3
R.P. 14.0 31 16.0 1.9 18.0 22.9
E.C. 14.3 18 18.0 1.0 10.8
C.R.V, 13.4 1 19.5 339 44.0
R.C. 10.8 5 21.3 15.3 30.7
R.G. 11.7 16 21.6 7.7 28.7 30.1
F.P. 16.8 47 28.6 1.5 20.3 19.7
S. H. 13.8 25 329 14.5 37.4 374
D.S. 16.4 17 47.3 10.4 42.7 71.4
L.S. 11.2 5 48.8 27.6 49.9 67.3
M.R. M. 12.6 9 68.9 40.8 85.2
Mean 14.0 25 18.6 79 31.6 28.8
SE 1.2 1.3 1.2 1.2

B) Sugar (5 g) enriched with labeled Serrous sulfate (3 mg Fe) and ascorbic acid (50 mg) added 10 each beverage
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16.0
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12.7
13.3
12.0
15.4
13.3
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13.6

1.5
20.6
25.5
44.7
52.2
54.6
61.3
82.6
78.7

40.7
1.2

4.8
49.3
26.6
24.1
19.4
37.2
327
70.3
39.0

27.8
1.3

76.8
34.5
48.7
67.8
54.0
50.8
48.0
89.1
51.8

55.9
1.1

C) Sugar (5 8) containing labeled ferrous sulfate 3 m

during the intake of a standard meal (A)

g Fe) added 10 each beverage and given 1o subjects as a drink '

m
T

Y-

mMmH=ZzmAZ !
W:ﬁ;
0

w

m S
&
=3

12.2
11.2
14.3
13.8

7.0
1.5
12.7
1.3

9.2

8.5

1.2

19

9
49
23

1.1
24
12.7

7.2

20.2
35.5
27.2
38.2
50.0
62.2
67.4
65.5
64.3
64.1

46.0
1.1
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TABLE 4
Calibration of the absorption
from iron fortification

LAYRISSE ET AL.

administered with several beverages

according to the iron absorption
from a reference dose

Calibrated iron
absorption (%)

Beverage

Iron

verage
Be 8es ascorbate?®

A) Sugar enriched with 5 mg of iron as fgrrous sulfare
14.9

Orange juice

Coca-Cola 17.4
Pepsi-Cola 21.6
Coffee 9.8
Coffee + milk 5.1

Serrous sulfate
Coca-Cola 21.0
Coca-Cola + 50 mg of 23.7
ascorbic acid

B) Sugar enriched with 3 mg of iron asr 325

Coca-Cola + meal 3.1

Coffee 8.9

Coffee + 50 mg of 16.2
ascorbic acid

Coffee + meal 2.2

Sugar only 29.9

Sugar + meal 39

¢ Composite mean absorption of all individuals tested.

about twice when ascorbic acid was added to
sugar and was reduced about one-third when
it was administered with the standard meal.

Absorption of iron fortification
administered with a Venezuelan diet

Table 5 provides the results of non-heme
iron absorption from both native food iron
and iron fortification in a Venezuelan diet.
The data on the percentage of transferrin
saturation and the absorption from the refer-
ence dose indicate that the numbers of normal
and iron-deficient subjects in each study are
different. Consequently, calibration of the
absolute value of each test was calculated by
multiplying it by the ratio of the composite
mean absorption from the reference dose of
all individuals tested to the mean absorption
of the reference dose for the given study
(Table 6). Data on iron absorption from
Coca-Cola and coffee in experiments A and B
of Table 3 were also calibrated. The total
daily iron absorption from both the original
iron contained in the diets and the iron
fortification was also calculated.

The percentage of iron absorption from
fortified sugar mixed with the food is practi-
cally the same as the non-heme iron absorp-
tion from the Andes diet (Table 6). These
results are expected, since iron fortification
and native vegetable food iron show similar
absorption and also because a 2-fold increase
of’iron intake does not modify significantly
the percentage of iron absorption (3). As was
observed in the results of Table 1, fortified
sugar administered as a drink during meals
showed higher absorption than when it was
mixed with the vegetals of a meal. A further
increase in absorption was found when forti-
fied sugar contained ascorbic acid in a pro-
portion of 1 mg of iron/17 mg of ascorbic
acid. The only exception was the absorption
at supper. It is possible that one egg eaten
with this meal besides the vegetables prevents
the enhancement of absorption. Finally, the
absorption of fortified sugar administered
with Coca-Cola and coffee between meals
was 3 times and 2 times higher, respectively,
than the same amount of iron fortification
administered with the meals.

The total daily non-heme iron intake in the
Andes diet was 14.6 mg and its total absorp-
tion was 0.47 (Fig. I). An additional 0.41 mg
of iron absorption was obtained when 10 g of
enriched sugar containing 5 mg of iron were
mixed with vegetals in each meal. However, if
the 15 mg of iron fortification is distributed in
aliquots of 3 mg of iron fortification adminis-
tered in each meal as a drink, and the other 6
mg of iron fortification is given between
meals, one aliquot of 3 mg with Coca-Cola
and the other aliquot with coffee, the total
iron absorption from the iron fortification
administered with the meal is 0.55 and that
obtained between meals is 0.90. Thus, the
total iron utilization of iron fortification
increases thrice with the sole modification
that 40% of the iron fortification is adminis-
tered with beverages between meals.

The total absorption of iron fortification
exhibited a further increase to 0.87 g with the
meal and to 1.22 mg with the beverages when
each aliquot of enriched sugar was adminis-
tered with ascorbic acid.

s
Discussion

During the last three decades, wheat flour

and farina (18-21) have been used as vehicles

TABLE 5

Non-heme iron absorption f:

%\h

Identification Hb. g/i

_—

A) Absorption of non-heme

-
A J AL 15
C.C. 14
P.G. 14
A.D.C. 137
N. B. 147
C.C. [2.2
E. L. 146
M.T. 1.6
M. V. 12.x
0.C. 14.7
E.L. 13.2
R.L. 153
A.E. L. 141
R.G. 143
Mean 14.0
SE

-_
B) Absorption of iron Sortificar:

mixed with the vegerals

- v
T.M. 15.3
V. U. 14.4
R.G. 15.1
R.G. 16.0
B.R. 14.0
R.G. 13.6
LG 15.2
M.C.G. 13.4
R.M. 15.6
F.G. 13.0
LG. 13.8
LA 12.8
Mean 14.4
SE

C) Absorption of iron fortificatior.

»
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15.8
14.5
12.5
1.9
13.4
10.1
16.5
16.0
13.6
133
13.8

6.0
15.3

13.3
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TABLE 35
Non-hgme iron absorption from the Andes diet of Venezuela
e _— Transferrin Iron absorption (%)
entification .2 ml saturation
Breakf: Iron
(%) rf;’FedSl leslgzh Sff;_l‘?r ascorbate
‘ *Fe
A) Absorption of noif-.{zgme Jood iron determined by the extrinsic tag method
A J A 159 23 0.2 0.4 1.0 31.8
C.C. 14,7 29 0.7 0.3 1.2 234
P.G. 14.9 31 1.4 1.7 0.5 7.0
A.D.C. 13.7 30 1.6 2.0 1.0 44.1
N.B. 14.5 23 2.0 29 1.7 17.4
C.C. 12.3 24 2.2 5.9 2.2 344
E. L. 14.0 10 36 7.2 34 36.1
M.T. 11.6 13 4.6 11.6 5.1 39.2
M. V. 12.8 17 4.9 4.7 1.8 425
0.C. 14.7 22 6.4 9.4 1.8 25.1
E.L. 13.2 20 10.8 5.3 6.6 23.6
R.L. 15.5 23 12.3 9.7 7.9 51.2
A E. L. 14.1 18 . 124 9.1 6.0 36.8
R.G. 14.3 13 17.5 1.1 7.1 70.2
Mean 14.0 21 33 24 30.7
SE 1.3 1.4 1.2 [.2
B) Absorption of iron fortification by given sugar (10 g) enriched with labeled ferrous sulfate (5 mg Fe) in each meal

mixed with the vegetals

T M. 15.3 29 0.3 0.2 0.1
V.U, 14.4 29 0.6 0.7 1.9
R.G. 15.1 33 0.6 0.5 0.6
R.G. 16.0 3 Ll 0.2 0.5
B.R. 14.0 22 1.4 06 27
R.G. 13.6 30 15 0.9 1.4
J.G. 15.3 36 1.9 12 1.6
M.C.G. 13.4 27 23 2.0 24
R M. 15.6 4 32 438 33
F.G. 13.0 17 7 4.3 1.1 0.7
LG 13.8 29 6.6 5.8 09
LA 12.8 10 7.6 9.5 75
Mean 14.4 26 1.7 1 1.2
SE 04 03 0

3.2
33.8
9.8
35.6
8.7
9.1
23.0
424
12.8
14.2
15.5
35.1

16.0
1.2

C) Absorption of iron fortification by sugar (5 g) enriched with ferrous sulfate (3 mg Fe) given as a drink in each meal

s
o

) 15.8 38 4.2 5.0 6.7 3
S.V. 14.5 40 6.6 7.2 27 3513.3
A.D. P. 12,5 « 1 7.0 7.9 6.0 74.4
C.G. 11.9 10 71 5.7 3.7 73.0
8. F. 13.4 20 ; 7.2 3.3 2.6 3Ll
¢ .CR. 10.1 3 7.9 5.9 7.5 75.6
J.A..T‘ 16.5 49 9.5 4.4 2.9 9.7
s S.T. 16.0 40 9.7 10.0 1.0 40.3
S, 13.6 23 10.2 4.6 15.9 54.9
M. H. 13.3 13 11.6 11.6 5.6 27.7
Rp 13.8 9 16.5 12.6 7.2 61.0
CT.v. 6.0 3 17.7 14.3 1.6 29.]

P 15.3 9 22.6 10.3 8.1 74.1
24Eean 13.3 21 9.6 7.2 é.1 41.9
o 1.1 [.1 ’_;’1.2 1.2
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TABLE 5 (continued)

fron absorption (%)

Transferrin
saturation

Hb, g/100 ml
(%)

Identification

Iron
Breakfast Lunch , :
Fe SSFe siFe ascsngl::dte

D) Absorption of iron fortification by sugar (5 g) enriched with labeled ferrous sulfate (3 mg Fe) plus ascorbic acid (50

mg) given in each meal as a drink

C.G. 15.8 34
R.S. - 15.6 15
M.G. 15.1 58
C.S. 13.1 22
E. V. 11.9 19
R. U. 15.4 34
J.R.U. 15.6 66
M.P. 7.9 14
J.D.B. 15.6 34
E. B. 10.0 4
A. V. 13.2 11
C.P. 1.6 10
A J V. 1.9 10
J.M.G. 14.7 12
Mean 13.4 25
SD

1.7 1.1 0.8 10.9

4.5 7.7 4.5 209
5.2 5.4 2.3 5.0
5.4 9.1 1.2 T 95
5.7 7.0 6.3 66.6
6.0 8.5 2.4 22.2
6.7 1.5 15.2 75.5
15.8 239 4.9 64.0
16.7 23.8 1.5 224
22.8 18.2 15.8 65.3
23.2 14.0 18.1 76.9
0233 26.2 14.8 311
- 335 35.5 353 76.1
39.5 23.7 28.7 62.1
10.6 1.7 6.0 322
1.3 1.3 1.4 1.3

for iron fortification. The studies of Elwood
et al. (1, 2) on the absorption of iron fortified
with wheat flour, as well as those recently
carried out by the extrinsic tag method (3),
have demonstrated that this vehicle contains
absorption-inhibiting substances that reduce
considerably the absorption of iron fortifica-
tion. Other vegetals, such as maize, also
provoke marked reduction of iron fortifica-
tion (3, 22, 23). Milk and eggs also carry
absorption-inhibiting substances that de-
crease the iron absorption to the levels found
when they are administered with vegetals (4,
S, 23, 24). Starch or sucrose does not reduce
the absorption of inorganic iron in rats (25).
The fortification of common salt was recently
reported; this vehicle, fortified with 0.1% of
iron as ferric orthophosphate, 1.25% of ascor-
bic acid, and 2.5% of starch, does not show
discoloration. The authors recommend this
fortified salt in countries where rice or maize
forms the staple food (26).

The studies presented here demonstrate
that sugar has some advantages over the
other vehicles used in the past. In vitro studies
demonstrated that ferrous sulfate added to
sugar is maintained in the ferrous form for a
period of at least 1 year, and it does not in-
duce adverse changes in the vehicle, such as

taste and color, that could prevent the com-
mercial use of the article.

Sugar by itself carries practically no inhib-
iting substances that could affect the iron
absorption. Sugar is used in the diets mixed
with vegetables such as wheat, beans, and
maize. In such instances, sugar has no advan-
tage over other vehicles previously used, the
absorption of iron fortification being the
same as of the native food iron (Table 1).
However, the absorption from enriched sugar
is increased more than 40% over that ob-
served in native vegetal iron when it is
administered as a drink during the ingestion
of a meal. Sugar is also ingested with drinks
between meals. In such instances, the absorp-
tion of iron from fortified sugar is only
affected by inhibiting substances present in
the beverage. The absorption studies from
enriched sugar added to Coca-Cola, Pepsi-
Cola, orange juice, coffee, or coffee with milk
showed that the mean absorption ratio of
each beverage to iron ascorbate absorption
was between 0.45 and 0.66 in the first three
beverages and was reduced to 0.30 in coffee
and to 0.15 in coffee with milk. The amount
of ascorbic acid contained in Coca-Cola and
Pepsi-Cola tested is too meager (0.5 mg/100
ml) to account for their enhancing effect on

TABLE 6
Calibration of the non-hem
and from iron fortification

_—
_

Source of iron

_—_
A) Diet alone
B) Fortified sugar mixed
food
C) Fortified sugar given
drink
D) Fortified sugar containi
mg of ascorbic acid
given as a drink
E) Fortified sugar given
with Coca-Cola
with coffee
F) Fortified sugar containin
mg of ascorbic acid
given
with Coca-Cola
with coffee
-
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communication at Inter.
Hematology, Jerusalem.
In the Andes diet the .
fortified sugar mixed w -
cally the same as non-i,
from the diet. The samc
sugar, but administered -
tween meals, increases t
‘tlon by a factor of 3, ar
Increase when fortified su.
with ascorbic acid (Fig. |
All these data provic
advantages of using sugar
fortification, especially in
for their subsistence on ve:
which foods such as beel
ot paramount, to induc
thl’l‘ of non-heme iron. A
vehicle for iron fortific:
fecommended because of |
Increasing its intake, thi:
ently the only one that cu
absorption-inhibiting el
00ds. It would be useful i
tries where beverages arc




rption (%)
Iron
Supper ascorbate
s9Fe 3sFe

(3 mg Fe) plus ascorbic acid (50

0.8 10.9
45 20.9
2.3 5.0
1.2 9.5
6.3 66.6
24 22.2
15.2 75.5
49 64.0
1.5 224
15.8 65.3
18.1 76.9
14.8 31.1
353 76.1
28.7 62.1
6.0 32.2

1.4 1.3

at could prevent the com-
article.
irries practically no inhib-
vat could affect the iron
is used in the diets mixed
ch as wheat, beans, and
ances, sugar has no advan-
hicles previously used, the
n fortification being the
itive food iron (Table 1).
rption from enriched sugar
than 40% over that ob-
vegetal iron when it is
drink during the ingestion
s also ingested with drinks
such instances, the absorp-
n fortified sugar is only
ting substances present in
: absorption studies from
ided to Coca-Cola, Pepsi-
. coffee, or coffee with milk
mean absorption ratio of
iron ascorbate absorption
and 0.66 in the first three
s reduced to 0.30 in coffee
fee with milk. The amount
ontained in Coca-Cola and
is too meager (0.5 mg/100
r their enhancing effect on

TABLE 6
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Calibration of the non-heme iron absorption from native food iron

and from iron fortification in Andes diet

% iron absorption (calibrated)?

Source of iron

Composite mean

. Breakfust  Lunch  Supper  ELieen relesenee Gose of
;“\ all subjects
A) Diet alone 3.6 4.1 2.4 h
B) Fortified sugar mixed with 3.5 2.3 2.5
food
C) Fortified sugar given as a 7.6 5.7 6.1
drink
D) Fortified sugar containing 50 11.0 12.1 6.1

mg of ascorbic acid and
given as a drink
E) Fortified sugar given
with Coca-Cola
with coffee
F) Fortified sugar containing 50
mg of ascorbic acid and
given
with Coca-Cola
with coffee

333

17.4
10.8

242
e

¢ The calibration of non-heme iron absorption was made according to the iron absorption of the reference dose (12).

iron absorption. The only beverage so far
affected by fortified sugar is tea; its color
changes rapidly to black, and iron is precipi-
tated and poorly absorbed (T. H. Bothwell,
communication at International Congress of
Hematology, Jerusalem, 1974).

In the Andes diet the iron absorption from
fortified sugar mixed with the food is practi-
cally the same as non-heme iron absorption
from the diet. The same amount of fortified
sugar, but administered with the meal and be-
tween meals, increases the total iron absorp-
tion by a factor of 3, and there is a further
increase when fortified sugar is also enriched
with ascorbic acid (Fig. 1).

All these data provide evidence of the
advantages of using sugar as a vehicle for iron
fortification, especially in populations relying
for their subsistence on vegetable foods and in
which foods such as beef, fish, or fruits are
not paramount, to induce adequate absorp-
tion of non-heme iron. Although sugar as a
vehicle for iron fortification may not be
fecommended because of the risk involved in
Increasing its intake, this vehicle is appar-
ently the only one that can avoid in part the
absorption-inhibiting effect of vegetable
00ds. It would be useful in developing coun-
tries where beverages are highly consumed

2 SL ]
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Andes_diet {14.4 mq Fe)
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tron forti- Iron forti- | (ron fortifica-
fication during \hon +ascorbic
Alone fication during and between |acid during and |
meals meals between meals |
{15 mgq Fe) {15 mg Fe) (15 mg Fe)

FIG. 1. Total daily non-heme iron utilization from
both fortified sugar and native food iron in Andes diet.
The absorption of food iron is increased about twice
when iron fortification is administered with the meals,
and increased about 4 times when the same amount of
iron fortification is administered during and between
meals; experimentation showed a further increase when
ascorbic acid is added to fortified sugar.

between meals by the low socioeconomic
class. Thus, a program of sugar fortification
could be extended to all sugar consumption or
be restricted to soft drinks. The restriction of
fortified sugar to soft drir}k’s will also reduce

o
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the risk of high iron intake in the nonvulnera-
ble parts of the populations.

The authors are indebted to Mr. Guillermo Lopez
Calzén and Hamilton Bello for their technical assistance.
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