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Objectives: To compare the effects of wheat flours fortified with NaFeEDTA, FeSO,4 and elemental iron (elec-
trolytic iron), in improving iron status in anemic students. Methods: Four hundreds anemic students (11 to 18
years old) were divided into four groups and given wheat flour fortified with different iron fortificants at dif-
ferent concentrations: control group (no added iron); NaFeEDTA group (20 mg Fe/kg); FeSO4 group (30 mg
Fe/kg); and elemental iron group (60 mg Fe/kg). The trial lasted for 6 months and the following parameters
were examined every 2 months: whole blood hemoglobin, free erythrocyte protoporphyrin, serum ferritin, se-
rum iron, total iron binding capacity and transferrin receptor. Results: The flour consumption in the 4 groups
was 300-400 g/person/day, accounted for 70% of total cereal consumption in the diets. There were no signifi-
cant differences in flour consumption among the 4 groups. Blood hemoglobin level increased in all the 3 inter-
vened groups, but the increment in the NaFeEDTA group was significantly higher and earlier than the other 2
groups; and only 1% of the subjected remained anemic at the end of the trial in the NaFeEDTA group, while
40% and 60% of the subjects in the FeSO4 and electrolytic iron group remained anemic, respectively. The order
of improvements in free erythrocyte protoporphyrin, serum ferritin and transferring receptor levels were:
NaFeEDTA > FeSO, > electrolytic iron. No significant changes were found in the control group on all the
tested parameters during the trial. Conclusions: The results indicated that even when NaFeEDTA was added at
a lower level, it has better effects than FeSO,4 and elemental iron in controlling iron deficiency anemia and im-

proving iron status in anemic children; while elemental iron was the least effective.
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Introduction

Iron deficiency (ID) and iron deficiency anemia (IDA) are
major nutrition problems around the whole world with
impact on new born infant mortality, physical and mental
growth retardation of children, reduction of productivity of
adults and susceptibility to infectious diseases.'” Flour
fortification with iron and other nutrients has been prac-
ticed in many countries. However, flour fortification with
iron remains an important issue in regard to absorption and
efficacy. Elementary iron and FeSO, are the common iron
sources for flour fortification and in recent years
NaFeEDTA has been preferred to fortify high extraction
flour.*” The concerns about low bioavailability of elemen-
tary iron,® high cost of NaFeEDTA * '° and possible impact
of FeSO, "> 13 on quality and storage on food vehicles by
oxidation should be based on more scientific evidence.
This study is designed to differentiate the efficacy by elec-
trolytic iron, FeSO, and NaFeEDTA fortified flour on ID
and IDA in anemic students. Such information is required
before further promotion of flour fortification

Materials and Methods

Wheat flour

Grade I wheat flour, extraction rate 70%, was used as the
basal flour. Three different kinds of flour were produced
from basal flour, which were electrolytic iron fortified flour,
FeSO, fortified flour and NaFeEDTA fortified flour. Three
fortified flour and basal flour supplied to four groups of
subjects freely during the observation period. The levels of
iron fortified as recommended commonly were electrolytic
iron 60 mg Fe/kg, FeSO, 30 mg Fe/kg and NaFeEDTA 20
mg Fe/kg respectively. Electrolytic iron and FeSO4 were
provided by SUSTAIN, and NaFeEDTA was provided by
Beijing Vita Sci-Tech Co., Ltd. (in compliance with the
JECFA specifications'*). The contents of iron in electro-
Iytic iron, FeSO, and NaFeEDTA are 98%, 32% and13%
respectively.
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Subjects and treatments

Four hundred and nine school students, aged 11 to 18
years old, were diagnosed as IDA from 4,500 students in
4 schools in Nanyang city, Henan province and were di-
vided into four groups on school basis and supplied with
wheat flour fortified with different iron fortificants. The
four groups were control group, 109 students (47 males,
62 females); electrolytic iron group, 96 students (42 males,
54 females); FeSO, group, 107 students (44 males, 63
females); NaFeEDTA group, 106 students (42 males, 64
females). The World Health Organization diagnostic cri-
teria for IDA were used for the diagnosis of anemia.'> The
four groups were located in four nearby schools in the
same area with similar economic level, lifestyle and die-
tary pattern. The subjects took meals together in the
boarding schools, except during one-month holidays. The
fortified and basal flour were also freely supplied to the
families of subjects so that the subjects had the same flour
consumed in family in holidays. The intervention lasted 6
months.

The study protocol was reviewed and approved by the
Ethical Committee of the Institute of Nutrition and Food
Hygiene, Chinese Center for Disease Control and Preven-
tion. Volunteer forms were obtained from each subject
and their guardian.

Survey and measurement

Food consumption data was collected at the beginning
and end of the study, using a validated food frequency
questionnaire with reference to the food records provided
by the cafeteria of each school. The dietary iron intake
was calculated from the Chinese Food Composition Ta-
bles.'® Body weight and height were measured at the be-
ginning and end of the study. The following blood pa-
rameters were measured every 2 months started from the
baseline survey: whole blood hemoglobin (Hb), serum
iron (SI), ferritin (SF), transferrin receptor (TfR) and total
iron binding capability (TIBC), and blood free erythro-
cyte protoporphyrin (FEP).

Hb was measured by Hemocue B-Hemoglobin system
made by Hemocue AB Corporation, Sweden.

Five ml of intravenous blood was collected from each
subject and from which 20 pl blood was dropped onto a
piece of filter paper for the FEP measurement. The re-
maining intravenous blood was centrifuged at 3,000 rpm
for 20 min. And the separated serum was stored at -20 °C
for measurements of SI, TIBC, SF, TfR.

For the measurement of FEP, 20 pL intravenous blood
was dropped onto a piece of filter paper and detected by
fluorometry with excitation wavelength at 403 nm and
emission wavelength at 605 nm."”

Test kits from the RANDOX Company, England, were
used to measure: SI (colorimetry at 546 nm), SF (turbidity
at 700 nm) and TIBC (turbidity at 600 nm) by
auto-biochemical analyzer (Hitachi 7060), using the
standards and calibrating reagents provided by RANDOX
Company. TfR was measured by the ELISA method at
450 nm, corrected at 540 nm, using a Bio-Rad microplate
manager spectrophotometer, R&D System, Inc. America.

Statistical analysis of data

Data analysis was conducted by analysis of variance
(ANOVA) with the SPSS software. The statistical analy-
sis for the TfR was carried out on logarithm transformed
values.

Results

General status of the subjects

All the tested flours were well accepted by the subjects
and no side effects were observed through out the 6
months study. Body weight and height of the subjects
increased slightly during the trial, but there were no sig-
nificant differences among the 4 groups (data not shown).

Dietary patterns and food consumption

The diet that the subjects consumed is a typical
plant-food-based diet of north central China. There was
no difference in the food consumption among the four
groups during the trial (Table 1). Average flour consump-
tion of subjects was 316-368 g/day accounting for 70% of
the total cereal grain consumption. Average iron intake
from the basal diet (excluded added iron) was 20-23
mg/person/day. Average iron intake from the diet includ-
ing added iron at 6-month was shown in Table 1.

Hemoglobin and anemic rate

The changes of Hb levels in the four groups during the
trial were shown in Table 2. Before intervention, the Hb
levels were not statistically different among the four
groups, and Hb level of the control group remained un-
changed in 6 months. Hb level of the NaFeEDTA group
was increased significantly from month 2 till month 6. Hb
level of the FeSO,4 group became significantly higher at
month 4 and month 6 than that of baseline and control
group. The Hb level of the electrolytic iron group did not
increase significantly until 6 months after the beginning
of the trial, and the increment was significantly less than
the other 2 iron fortified groups. By the end of the month
6, the rate of IDA in the control group remained un-
changed (93.3%), while only 1 student (1%) remained
IDA in the NaFeEDTA group, and 40% and 60% students
remained IDA in the FeSO, and electrolytic iron groups
respectively.

Serum iron

SI levels of control and electrolytic iron groups did not
change significantly during the intervention period.
However, the SI level of the NaFeEDTA and FeSO4
group increased significantly after month 4, and the in-
crement was 3.5 and 3.7 umol/L respectively at month 6
(Table 2).

Serum ferritin

SF level of the control and electrolytic iron groups did not
change significantly during trial period. However, SF
level of the NaFeEDTA group increased significantly
after month 4, while SF level of the FeSO4 group did not
increase significantly until the end of the trial. The incre
ments of SF levels in NaFeEDTA and FeSO4 groups
were 14.0 and 9.5 pg/L respectively at month 6 compared
with their baseline. The SF levels of the NaFeEDTA and
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Table I. Comparison of food consumption through out the study and among different groups (g/person/day)

Control group NaFeEDTA group FeSO, group Electrolytic iron group
0 month 6 months 0 month 6 months 0 month 6 months 0 month 6 months
Rice 42.0+53.5 46.34+38.2 36.83+53.0 38.0+51.3 44.7+64.3 42.4+45.6 42.8477.2 48.1£52.7
Wheat flour 317.8+204.5 315.8£106.7 334.6+149.5 328.4+109.1 367.7+£148.3 366.9+94.1 359.1+186.5 367.4+104.1
Other grains 76.6:149.9 79.8+86.3 79.9+98.0 66.7+60.8 78.7+£108.9 73.0+44.4 71.7£112.4 73.5+£71.7
Tubers 77.7£93.9 70.8+41.3 79.9+86.4 68.1£70.2 88.1+108.5 70.8+26.9 58.5£74.6 69.1+£51.2
Meat and poultry 51.2+69.4 52.7+£79.5 44.9+51.7 54.0+40.8 45.0£31.0 53.4+18.9 42.3491.7 57.8+36.2
Eggs 40.94+66.2 31.1+£30.1 33.3£354 28.8+40.5 30.2+41.2 32.2+44.7 33.8+£24.0 27.8+£29.5
Milk and product 52.8+93.8 45.2454.8 49.1+£102.5 36.8+£28.4 32.7+£61.3 37.4£18.5 43.2498.7 30.6£71.2
Fishes 8.1+12.1 7.3£14.0 6.0+10.4 4.0+6.6 5.0£15.8 6.2+3.6 6.6£10.9 5.3+15.9
Vegetables 229.2+171.1 271.4£175.9 269.6£162.4 248.9+168.2 243.9+£166.3 211.6£81.0 216.3+£189.8 219.7+£144.8
Fruits 63.3£126.1 65.3+66.6 65.4+89.7 87.2+45.4 69.4+69.7 62.4+£26.4 70.0+£90.0 54.5+42.5
Beans 75.0+£87.3 74.3+£95.8 68.7£93.0 51.8+43.5 79.6+£63.1 65.7+£28.5 73.1+£120.3 88.3+£112.5
Fe (mg) 226+14.7 23.0+72 208+94 267+52 27+113 31.5+43 227+102 429+69
Table 2. Changes of blood parameters during the 6 months intervention trial
Hemoglobin Reduction FEP Serum iron Serum Ferritin TIBC ST{R*
Groups Month @) IDA (%) %IDA (%10 pg/L) (umol/L) (ug/L) (umol/L) (nmol/L)
0 114.5+£5.3 100 59.0£11.7 11.445.2 48.9+19.4 77.6+£23.3 36.4+1.2
Control 2 114.44+8.4 93.6 6.3 59.7+11.1 10.7£5.8 45.6+25.1 76.0+£18.9 37.3£1.3
4 114.8+7.2 95.6 4.3 55.9+12.2 11.9+£5.0 47.8+21.4 74.1+15.1 34.3+1.2
6 114.94+8.0 93.3 6.7 58.0+£9.3 11.6+4.7 46.8423.8 75.0+£13.8 35.2+1.3
0 114.9+5.0 100 60.5+10.2 11.3+4.9 46.0+20.5 82.6+£34.0 35.7+1.2
NaFeEDTA 2 118.3i9.3abb 57.4 42.5 55.3i10.2*‘a’:: 12.4+4.8 47.5£19.6 71.2i21.6azb 33.2i1.3*‘t
4 122.9+£9.7% 40 60 42.2+11.1°* 14.7+6.5* 55.3+£21.3* 67.9£15.2** 29.34+1.2*
6 132.4£10.2°*" 1 99 38.1+£8.4™ 14.8+4.8" 60.0+24.5"" 65.4£9.0"" 23.0+1.2%
0 114.5+6.5 100 60.6£9.6 11.245.1 49.0+19.8 79.9+£21.0 34.6+1.3
FeSO, 2 1 17.0j:14.4b 70.2 29.8 58.4+9.6 o 10.4+5.8 . 47.2+30.0 75.7+16.1 33.0i1.3bsb
4 118.7+13.5* 61.9 38.1 46.1£10.1°* 13.6+5.3* 50.8+19.4 70.4+10.0* 30.0+£1.2*
6 123.8+13.1°* 40 60 42.0+10.5 14.9+4. 7% 58.5+20.9**" 67.3+£14.1°%" 26.9+1.2%%
0 114.1+4.7 100 59.8+10.7 11.0£5.3 46.4£17.9 77.2+£22.4 36.2+1.2
Electrolytic 2 117.3+8.4 80 20 61.3+£11.7 10.2+5.3 43.3+18.9 74.0+14.6 34.4+1 .32
iron 4 117.6i12.4Zl 67.1 32.8 57.8i11.z 11.445.8 44.4+20.1 73.1£14.3 33'3i1'2aab
6 118.0+10.9 60 40 55.4+8.8 12.0+£5.3 48.3+20.4 72.0+17.6 32.6+1.2

* Calculations after logarithmic transformation; * P<0.05 compared with baseline (0 month); * P<0.01 compared with baseline (0 month); b P<0.05 compared with control group; bb P<0.01 compared with control

group
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FeSO, groups were significantly higher than the control
group (p<0.01) after 4 months and 6 months, respectively
(Table 2).

Free erythrocyte protoporphyrin

FEP levels of the NaFeEDTA and FeSO, group decreased
and became significantly lower than that of control group
at month 4 and 6 (Table 2), while FEP levels of the con-
trol and electrolytic iron groups remained unchanged in
study period.

Total iron binding capacity

There were no significant changes in TIBC in the control
group and electrolytic iron group in the trial. TIBC levels
of the NaFeEDTA and FeSO,4 group decreased and be-
came significant lower than that of control group and
baseline. (Table 2)

Serum transferrin receptor

After log transformation, the data show that after 6
months of intervention, the TfR levels of the control
group did not change in the trial. However, the T{R levels
of the NaFeEDTA, FeSO, and electrolytic iron groups
decreased significantly at month 4 and 6. The decrements
of TfR levels were 12.7, 7.7 and 3.6 nmol/L respectively
at month 6 for the NaFeEDTA, FeSO, and electrolytic
iron groups (Table 2).

Discussion

The diets of the subjects were unchanged during the ex-
perimental period. The dietary iron intake per subject per
day was 20-23 mg which reached the adequate intakes
(AI) of the Chinese Nutrition Society for the same age
group, i.e. 20-25 mg."® The contradiction of the high in-
take of iron and high IDA prevalence in Chinese popula-
tion was well documented and it was agreed that the main
reason is the low absorption rate of the non-heme iron in
plant-food based diet.'® "

The results of this study demonstrated that the Hb level,
prevalence of IDA and iron status of the control group
was not significantly changed within the 6 months trial.
On the other hand, three fortified flours showed positive
effects on controlling IDA and improving iron status. The
result of this study clearly showed the different impacts of
three different iron sources fortified flour.

The fortification of wheat flour with B vitamins and
iron could be dated back to more than 70 years before .
Elemental iron including reduced iron and electrolytic
iron, and FeSO,4 are the most widely used iron fortificants
in wheat flour fortification,' " 2% because both are in-
expensive and available for a long time. There were a
number of reports on absorption or bioavailability of iron
in wheat flour ***° and those studies revealed that the iron
fortificants, such as elemental iron, ferrous sulfate,
NaFeEDTA and ferrous fumarate were closely related to
the absorption or bioavailability of iron.

In terms of the efficacy and effectiveness of flour forti-
fied with iron in controlling ID and IDA, most studies
focused on the intervention effects by consumption of
flour fortified with elemental iron, ferrous sulfate and
ferrous fumarate. Elwood et al. *' found that the reduced
iron-fortified bread resulted in a small but statistically
significant increase in Hb after 9 months of intervention.

In another study, Elwood * carried out a therapeutic trial
in which a group of anemic patients were fed with re-
duced iron-fortified bread, but no beneficial effect was
observed on Hb levels within 3 to 6 months. Researchers
believed that the absorption of elemental iron was rather
poorer than that of other iron fortificants, furthermore,
electrolytic iron was considered a better iron source than
reduced iron. ** The result from this observation showed
that electrolytic iron had lower efficacy on ID and IDA
than that of FeSO, and NaFeEDTA.

In the middle of the last century in the South America,
the application of ferrous sulfate (30 mg/kg) fortification
of flour has successfully reduced the rate of IDA to less
than 1% in Chile.”> Though ferrous sulfate has been used
in many iron fortified foods, ferrous sulfate was consid-
ered instable in food, effect on organoleptic quality, read-
ily inhibited by iron absorption inhibitors and oxidative
on stability of food. Data from this study suggested that
FeSO, had acceptable efficacy on the control of ID and
IDA, however recommendation of FeSO, used in wheat
flour might be considered more on the quality aspects by
the accumulation of more scientific evidence especially in
corn flour and other food categories.

NaFeEDTA, as a new iron fortificant, was overviewed
a number of advantages, e.g. high absorption in plant food
based diet, less affected by iron absorption inhibitors such
as phytic acid and polyphenol, and good stability in food
vehicles. However, the relatively high cost of NaFeEDTA
limited its use in flour fortification. In recent years, ap-
plication of NaFeEDTA in varieties of food category such
as soy sauce,” fish sauce,'’ corn flour, high extraction
wheat flour and other fortified food products could possi-
bly reduce its price. In this study, the cost of NaFeEDTA
for 1 kg of flour at the level of 20 mg/kg was 0.00092
USD, the cost of FeSO, for 1 Kg of flour at the level of
30 mg/kg is 0.000225 USD, and the cost of electrolytic
iron for 1 Kg of flour at the level of 60 mg/kg is 0.000247
USD. Although the ratio of cost between NaFeEDTA and
FeSO, is 4.1:1, the actual price difference of 1 ton flour
fortified with NaFeEDTA and FeSO, was 0.7 USD,
which was believed a negligible differentiation to mills
and consumers.

Although a number of indicators of ID and IDA were
measured in this study, the critical indicators for the as-
sessment of ID and IDA are blood hemoglobin (Hb), se-
rum ferritin (SF), free erythrocyte protoporphyrin (FEP)
and serum transferrin receptor (TfR). Among them, Hb is
the only indicator for the assessment of IDA and the other
3 indicators are useful in the assessment of iron status.
The result of this study suggested that that NaFeEDTA
has the best efficacy in rectifying IDA and improving iron
status, and the effects were seen as early as 2 months after
the beginning of the trial. FeSO, was also effective, but
not as good as NaFeEDTA. The better efficacy result of
NaFeEDTA might related with Chinese diet background
which is a typical plant-food-based diet with the high
consumption of cereals, fruits and vegetables. The inhibi-
tory factors were derived from the other components of
the meals such as phytate and polyphenol. Experts assume
the contents of those inhibitors are high enough to influ-
ence on the availability of iron from food source.** ***
The result of the study suggested that NaFeEDTA was
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less affected by phytate and polyphenol, which has been

discussed by many experts.’

It is necessary to accumulate

more data from efficacy study and technical research on
flour fortification so as to have sufficient information for
the instructions on flour fortification.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Walter T, De Andraca I, Chadud P and Perales CG. Iron
deficiency anemia: adverse effects on infant psychomotor
development. Pediatrics 1989; 84: 7-17.

Lindsay H Allen. Anemia and iron deficiency: effects on
pregnancy outcome. Am J Clin Nutr 2000; 71: 1280- 1284.
Joseph M. Hunt. Reversing productivity losses from iron
deficiency: the economic case. J Nutr 2002; 132: 794-
801.

Christopher PH, Eileen TK, Abraham H. Prevention of
micronutrient deficiencies. Washington, DC: National
Academy Press, 1998: 9-22.

Hertrampf E. Iron fortification in the Americas. Nutr Rev
2002; 60: 22-25.

Dary O. Lessons learned with iron fortification in Central
America. Nutr Rev 2002; 60: 30-33.

Osler M, Milman N, Heitmann BL. Consequences of
removing iron fortification of flour on iron status among
Danish adults: some longitudinal observations between
1987 and 1994. Prev Med 1999; 29: 32-36.

Boccio JR, Iyengar V. Iron deficiency: causes, conse-
quences, and strategies to overcome this nutritional prob-
lem. Biol Trace Elem Res 2003; 94: 1-32.

Junsheng Huo, Jing Sun, Hong Miao, Bo Yu, Tao Yang,
Zhaoping Liu, Chenggqian Lu, Junshi Chen, Ding Zhang,
Yuzhen Ma, Anxu Wang and Yongli Li. Therapeutic ef-
fects of NaFeEDTA-fortified soy sauce in anaemic chil-
dren in China. Asia Pacific J Clin Nutr 2002; 11:
123-127.

Thuy PV, Berger J, Davidsson L, Khan NC, Lam NT,
Cook JD, Hurrell RF, Khoi HH. Regular consumption of
NaFeEDTA-fortified fish sauce improves iron status and
reduces the prevalence of anemia in anemic Vietnamese
women. Am J Clin Nutr 2003; 78: 284-290.

Bilal R, Roohi S, Ahmad T, Trinidad TP. Iron fortifica-
tion of wheat flour: bioavailability studies. Food Nutr
Bull 2002; 23: 199-202.

Ricardo U, Hertrampf E, Reddy M. Iron fortification of
foods: overcoming technical and practical barriers. J Nutr
2002; 132: 849-852.

Mellican RI, Li J, Mehansho H, Nielsen SS. The role of
iron and the factors affecting off-color development of
polyphenols.J Agric Food Chem 2003; 51: 2304-2316.
Joint FAO/WHO Expert Committee on Food Additives.
Report of 53rd Meeting of the Joint FAO/Who Expert
Committee on Food Additives. Geneva: FAO/WHO,
1999.

Wang XS, Yin TA, Liu JP, Wang WG, Yan HC, Gao XL.
Methods for evaluation of nutritional status in humans.
Tianjin: Tianjin Science and Technology Press, 1989:
4-31(in Chinese).

Wang GY, The Chinese food composition table. Beijing:
People’s Medical Publishing House, 1992(in Chinese).
Chen XC. Apply Nutrition. China: People’s Medical Pub-
lishing House, 1984: 292-293 (in Chinese).

Chinese Nutrition Society. Chinese DRIs. Beijing: Chi-
nese Light Industry Publishing House, 2000: 179-189
(in Chinese).

Feng GL, Lin YZ, Li XZ, Yang LM, Jia XW, Gu XL.
Public Nutrition. Beijing: Chinese Light Industry Pub-
lishing House, 1985: 28-30 (in Chinese).

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Venkatesh M, Food fortification as a major strategy to
address micronutrient malnutrition in Asia. In Manila
Forum 2000: Strategies to fortify essential foods in Asia
and the Pacific. Manila: ADB Press, 2000: 23-31.

Walter T, Pizarro F, Abrams SA, Boy E. Bioavailability
of elemental iron powder in white wheat bread. Eur J Clin
Nutr 2004; 58: 555-558.

Hurrell R, Bothwell T, Cook JD, Dary O, Davidsson L,
Fairweather-Tait S, Hallberg L, Lynch S, Rosado J, Wal-
ter T, Whittaker P. SUSTAIN Task Force, The usefulness
of elemental iron for cereal flour fortification: a SUS-
TAIN task force report. Sharing United States technology
to aid in the improvement of nutrition. Nutr Rev 2002; 60:
391-406.

Garcia-Casal MN, Layrisse M. Iron fortification of flours
in Venezuela. Nutr Rev 2002; 60: 26-29.

Hallberg L, Brune M, Rossander L. Low bioavailability
of carbonyl iron in man: studies on iron fortification of
wheat flour. Am J Clin Nutr 1986; 43: 59-67.

Hurrell RF, Reddy MB, Burri J, Cook JD. An evaluation
of EDTA compounds for iron fortification of cereal-based
foods. Br J Nutr 2000; 84: 903-910.

Hernandez M, Sousa V, Moreno A, Villapando S,
Lopez-Alarcon M. Iron bioavailability and utilization in
rats are lower from lime-treated corn flour than from
wheat flour when they are fortified with different sources
of iron. J Nutr 2003; 133: 154-159.

Davidsson L, Dimitriou T, Boy E, Walczky T, Hurrell RF.
Iron bioavailability from iron-fortified Guatemalan meals
based on corn tortillas and black bean paste, Am J Clin
Nutr 2002; 75: 535-539.

Lysionek A, Zubillaga M, Salgueiro J, Caro R, Ettlin E,
Boccio J. Bioavailability studies of a new iron source by
means of the prophylactic-preventive method in rats. Biol
Trace Elem Res 2001; 84: 123-128.

Walter T., Dallman P.R., Pizarro F., Velozo L., Pena G.,
Bartholmey S.J., Hertrampf E., Olivares M., Letelier A.,
Arredondo M. Effectiveness of iron-fortified cereal in
prevention of iron deficiency anemia. Pediatr 1993; 91:
976-982.

Walter T, Pizarro F, Boy E, Abrams SA. The poor
bioavailability of elemental iron in corn masa flour is not
affected by disodium EDTA. J Nutr 2004; 134: 380-383.
Elwood PC, Waters WE, Sweetran P. The haematinic
effect of iron in flour. Clin Sci 1971; 40: 31-37.

Elwood PC. A clinical trial of iron fortified bread. BMJ
1963; 1: 224-227.

Ranum P. Cereal enrichnment. In Lorenz. KJ and Kulp K.
Handbook of cereal science and technology. New York:
Dekker Press,1991: 3-15.

Layrisse M, Garcia-Casal MN, Solano L, Baron MA,
Arguello F, Llovera D, Ramirez J, Leets I, Tropper E.
Iron bioavailability in humans from breakfasts enriched
with iron bis-glycine chelate, phytates and polyphenols. J
Nutr 2000;130: 2195-2199.

Hurrell RF. Phytic acid degradation as a means of
improving iron absorption. Int J Vitam Nutr Res 2004; 74:
445-452.

Hurrell RF, Reddy MB, Burri J, Cook JD. Phytate
degradation determines the effect of industrial processing
and home cooking on iron absorption from cereal-based
foods. Br J Nutr 2002;88: 117-123.

Bothwell TH, MacPhail AP. The potential role of NaFeEDTA as
an iron fortificant. Int J Vitam Nutr Res 2004; 74:
421-434.



J Sun, J Huang, W Li, L Wang, A Wang, J Huo, J Chen and C Chen 121

Original Article

Effects of wheat flour fortified with different iron
fortificants on iron status and anemia prevalence in
iIron deficient anemic students in Northern China

Jing Sun BD', Jian Huang BD', Wenxian Li BD', Lijuan Wang MD', Anxu Wang MD
?, Junsheng Huo Pth, Junshi Chen MD' and Chunming Chen BD'

YInstitute of Nutrition and Food Safety, Chinese Center for Disease Control and Prevention, Beijing
100050, China

Wancheng Center of Disease Control and Prevention

7 feky J"gm}" L ¢ E e d Rk ¥ RS e
YR RS,

£k bk 7 frdk 2 b {}_Tﬁiiiﬁﬂ%“%re’%i% - TR 73 SR Gtk I RBEILAS X
i\‘g{éuaibﬁﬁ/ﬁ}‘«fré@f‘% A /E,Q\Aﬂl;—z!—rnﬁfp; 4,3303,,,@3@1«4 EECR ST
Bk dh 2 fodk Bt o chdcd ZIT 2 T R %J’?“"\’ boF 5 ERSE &P e
J:mw Fo ik AL o — e FA A R F ek e T ﬂfﬂ FoAlr SR o fe £ 2T B E) Y
BB htam m b it e 7 L@ ¥ > o g™ /f—w» %ﬁ;% U R % o B 1T NaFeEDTA
CEBRY h-o LRI PP oo Y B R R frdle d R AIA A
ooy B ok £ end o) "—fr*i:-‘ic‘FK{{‘i § A ih e RIEIEGP b Fd
NaFeEDTA -~ Fﬁ’x‘lric'fr'm-%/r‘«c ("“ﬁ”’ E=D I AU W AN S 'fr’ﬂ,»/r‘«cf“i m %k
om ks ik v iR S r’v’vliﬁ"l A ;ki'f_/k,ﬁe; HomET 40T E RN 4,500 FEA P Rk
409 e FA (11318 %) > By 4 04 42 6% 72 k7€ 7 BT ik
it 5k ’}‘Iﬂ{c’»,ﬂ(l ’Hcé—%) NaFeEDTA B (20mgFe/kg) Frfe T 2% (30 mg Fe/kg)
forF e (60mgFe/kg) o BEA RRT R B VIT4NER LT AR DET A
B3 FES Nl G RT Rk HIEHL 6] "Tlﬂi#p*ﬂ‘j’ A4 - = dptEe

PSSR RLL R S a/ﬁtAb 4 foibek G L.f cEIEL LT L e
ERIEAFY oG o £ 300400/ A /% 0 F RE S BFENENT0% 0w EIRIEA
?;; PR EFEMHLY o FIMO6L Y B ”ﬂ‘ﬁﬁfﬁfﬁii‘l}‘?ﬁ Ky SARFRITL -

% NaFeEDTA 24 F 32 f 7§ 21 ‘;1}:? TYRHE KT B AT X oFeSOy Bt T
RN ;__?}f’]‘lw.l‘ﬁﬁlsf‘?riii‘g—”\ o BT 6 47 LIRS o FeSO4 min
L0 ,‘1}\9 kT E M~ NaFeEDTA = o ;Uj%/ri’%"ﬁﬁ’lﬁ_ ZHFG FIN 6 40 By frH X o
WA tg R P E KT FeSO4 fr NaFeEDTA 2 o %X 72 A ¥ » NaFeEDTA 2 i~3 1%:% 2
o odm FRpE T A e e R e e o 55 40% e 60% Sk Fexd G 19 ARGk o Raeh e ok Ak o
Eedew o BEZEA %'x’”«}ﬁ X pok T Loty B A 5] & NaFeEDTA 2>grifis T & >
SRR RO G B R £ BT AL
NaFeEDTA i 4 £ ik L 7 b il T fo = & 4 it o frekdl L b g e
S SRR s s SR A O i

B 4xF  NaFeEDTA,FeSOs,~ 24 > 32 7 d > ;i > g it



