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Ascorbic Acid :
Effect on Food Iron Availability
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The effect of ascorbic acid on nonheme iron absorption from 2 strict Thai
vegetarian meals containing considerable amounts of tannin and phytate
was investigated. The 59Fe and 55Fe extrinsic tag method was used to labeled

the nonheme iron. Iron absorption from vegetarian tannin and phytate meals im-
proved progressively with increased level of ascorbic acid, 2-3 times with 100 mg
and 4-5 times with 200 mg. The average amount of iron absorbed per 2000 kcal
increased from 0.37 mg to 0.86 mg and 1.45 mg with the addition of 100 mg and
200 mg ascorbic acid respectively (p<0.001). Considering the limited caloric in-
takes and the iron content in the meals, the amount of iron absorbed from vegetar-
ian meals without ascorbic acid was not able to meet certain requirements for chil-
dren, adolescents and menstruating women. The minimal requirement for dietary
iron needed to be absorbed is 0.96 mg for 97.5th percentile of up to 1 year children
and 2.38 mg for menstruating girls and women. The addition of 200 mg of ascorbic
acid could provide only 60% of the total daily requirements. The vegetarian meals
as compared with ordinary mixed meals can provided most of the nutrients in the
amounts close to or above the recommended intake according to the Recommended
Daily Allowances (RDA). However, the amounts of iron absorbed from these meals
are quite precarious and fail to meet the requirements for the important target groups.
It is suggested that, vegetarian diets can assure nutrient adequacy and promote
health when they are planned and chosen in the line with scientific nutrition prin-
ciples.

INTRODUCTION
The bioavailability of a number of miner-
als may be altered by the special charac-
teristics of vegetarian diets. Iron is an ex-
ample of one mineral that may be affected.
It has been reported that iron deficiency
anemia is most prevalent and severe in
population in developing country subsist-
ing on predominantly vegetarian diets(1).
Dwyer et al reported mild iron deficiency
in 25% of preschool vegetarian children(2).

Bindra and Gibson found a high prevalence
of iron deficiency with normal iron intakes
in adult lacto-ovovegetarians(3). In Thai-
land, poor iron nutritional status among fe-
male vegans has also been reported(4, 5).
As vegetarian diets are mostly plant ori-
ented products, the ability to provide for
adequacy of iron nutrient depending on the
amount of available iron in the diet and the
net effect of the balance between the fac-
tor enhancing an inhibiting iron absorption.
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Many chemical ligands in food are known
to be powerful promotors of nonheme iron
absorption. These include ascorbic acid,
citric acid, aminoacids and meat protein.
The properties of ascorbic acid have re-
ceived most attention since its content of
the diet is more easily modified than other
contents. The enhancing effect of ascor-
bic acid on the absorption of nonheme iron
has been observed repeatedly by use of
55Fe/59Fe extrinsic tag method(6, 7). Its ef-
fect is strongly dose-related(8, 9). Other
ligands such as phytate, fibre components
and iron binding phenolic compounds in-
hibit iron absorption(10, 11, 12).

The purpose of this study was to deter-
mine the dietary absorption of iron from
some strict Thai vegetarian meals contain-
ing considerable amounts of iron-binding
phenolic compounds (tannin) and phytate
and, the possibility to counteract the inhi-
bition of tannin and phytate by increasing
the content of ascorbic acid (AA) in the
amounts of nutritionally realistic.

MATERIALS AND METHODS

Subjects

A total of 24 male subjects participated in
the study were healthy volunteers, aged
18 to 28 years. They were given oral and
written information about the aims and pro-

cedures of the study. The project and pro-
tocol were approved by the Human Sub-
jects Committee of Siriraj Hospital Medi-
cal School.

Test meals

Iron absorption was measured in 2 re-
stricted vegetarian Thai meals. Both were
rice-based meals prepared as is normally
done in the laboratory kitchen. (1) Meal
with tannin : Rice (248 g) + Swamp cab-
bage (Ipomoea reptans)(50 g) + Mushroom
(40 g) + Sweet and sour soup (200 g), (2)
Meal with phytate : Rice (248 g) + Soy
protein (70 g) + Mushroom (70 g) + Sweet
soup with spices (70 g). Samples from both
meals were blended into a homogeneous
slurry. Aliquots of each meal were taken
for total iron content(13), total phosphorus
and phytic acid phosphorus(14), and iron
binding phenolic compounds(15) and ascor-
bic acid(16). Chemical composition of meals
is shown in Table 1. The first meal con-
tained 81 mg tannin and 46.5 mg phytate.
The second meal contained 90.7 mg
phytate.

Iron absorption measurements

Iron absorption was measured by the use
of sequential 55Fe and 59Fe labeled(6, 7). All
test meals were given at 12.00 noon after
an overnight fast and a standard breakfast

Table 1 Energy intake per meal and meal composition of the 2 vegetarian meals
(1) meal with tannin and (2) meal with phytate

Dietary intake Test meal

(1) Tannin meal (2) Phytate meal

Energy (kcal) 547.30 583.00
Food weight (g) 538.00 458.00
Total iron (mg) 2.44 3.01
Phosphorus (mg) 511.70 505.60
Phytate-P (mg) 46.50 90.70
Tannin (mg) 81.00 0
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served at 7.30 am. After the meals no foods
or drinks was allowed for 3 hours. Each
test meal was labeled with 46.3 kBq 59Fe
or 55.5 kBq 55Fe, carrier free, high spe-
cific activity in 0.1 mol HCl/litre. A blood
sample was drawn 2 weeks after serving
the first meal (without AA) and second test
meal (with 100 mg AA) on alternate days
and a final blood samples was obtained 2
weeks after the third meals (with 200 mg
AA) to measure the increase in red cell
radioactivity. Analysis of 55Fe and 59Fe in
blood was made by using a modification
of the method described by Eakins and
Brown with a liquid scintillation spectrom-
eter(17). Percentage absorption was calcu-
lated on the basis of blood volume esti-
mated from body weight(18).

Statistical analysis

All calculations were made by using the
Microsoft Excel 5.0 computer program.
Statistical analyses were made with the
SPSS program for Windows.

RESULTS AND DISCUSSION

The results of absorption measurements
from 2 vegetarian meals and the effect of
inclusion of 100 and 200 mg of ascorbic
acid is shown in Table 2 and Figure 1. The
results from both meals are within the ab-

sorption of nonheme iron ranges from 2%
to 20%. In the vegetarian tannin meal, 100
and 200 mg of ascorbic acid increased the
absorption from 4.1% to 8.5% and 18.2%
and in the vegetarian phytate meal it in-
creased from 3.5% to 9.2% and 12.5%
respectively (p<0.001). They are progres-
sively increased with increase in the level
of ascorbic acid, 2 to 3 folds with the addi-
tion of 100 mg and 3 to 5 folds with 200
mg added. Summary of the caloric intake,
amounts of iron absorbed per meal, per
1000 kcal and per 2000 kcal are tabulated
in Table 3. As shown in Table 3 the iron
absorption at the energy intake of 2000 kcal
varied from 0.36 to 0.76 and 1.6 mg for
meal with tannin and from 0.38 to 0.96 and
1.3 mg for meal with phytate. An average
for both meals is from 0.37 to 0.86 and
1.45 mg.

The nutritive value of a diet for certain
nutrient must be based on its ability to meet
requirements for certain target groups. As
in Table 3 the bioavailability of vegetarian
meals vary from 3.5% to 18% as com-
pare to the ranges from 5% to 12% in
Western-type vegetarian meals(19). The
daily dietary intake of iron of 7.33 and 9.04
mg of both test meals were lower than the
recommended daily allowances of 10 to

Table 2 Iron absorption from vegetarian meals without and with 100 and 200 mg ascorbic
acid

mg/meal Iron absorption

AA Phytate Tannin % Ratio*

(1) Meal with tannin 0 46 81 4.1 1
(Swamp cabbage) 100 46 81 8.5 2.07

200 46 81 18.2 4.43
(2) Meal with phytate 0 90.7 0 3.5 1
(Soy protein) 100 90.7 0 9.2 2.63

200 90.7 0 12.5 3.57
*Absorption ratio between without and with 100 and 200 mg of ascorbic acid (AA).
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18 mg for all age/sex groups(20), lower than
that of Seventh-day Adventist vegetarian
women in Canada (12.5 mg/d) reported by
Anderson et al.(21), and much lower than
that of vegetarian women in the United
State (16mg/d) reported by Hardinge and
Stare(22), and in general lower than the
mean intake (12.9 mg/d) surveyed from
general Thai population(23). These findings,
however, does not imply that all Thai veg-

etarian meals have low intrinsic iron con-
tent since it has been shown that an aver-
age iron content surveyed in 43 restricted
Thai vegetarian meals were 4.16 mg/meal
which corresponded to a daily intake of
12.5 mg or 7.7 mg/1000 kcal reported by
Sritongkul et al.(24). The iron content in
mixed Western type meal has been shown
to be very constant being approximately 6
to 12 mg/1000 kcal(20). In this study the

0

5

10

15

20

0 100 200
Ascorbic acid (mg/meal)

Iro
n a

bs
orp

tion
 %

Rice + Tannin
Rice + Phytate

Fig. 1 Iron absorption from vegetarian meals without and with 100 and 200 mg ascorbic
acid.

Table 3 Iron absorbed per 1000 and 2000 kcal from vegetarian meals without and with 100
and 200 mg ascorbic acid.

Test meal (1) Meal with tannin (2) Meal with phytate

Energy (kcal/d) 1641 1749
Total iron (mg/meal) 2.44 3.01
Daily iron intake (mg) 7.33 9.04
Iron density (mg/1000kcal) 4.46 5.15

Ascorbic acid (mg) 0 100 200 0 100 200

% Iron Absorption 4.1 8.5 18.2 3.5 9.2 12.5
Iron absorbed (mg/meal) 0.30 0.63 1.32 0.33 0.84 1.14
mg Iron absorbed/1000kcal 0.18 0.38 0.80 0.19 0.48 0.65
mg Iron absorbed/2000kcal 0.36 0.76 1.60 0.38 0.96 1.30
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iron contents of 4.3 and 5.15 mg/1000kcal
were lower than the recommended values.
Comparisons of the mean daily energy and
iron intake and iron densities in various
group of vegetarians to the recommended
values were shown in Table 4(3, 20, 21, 23-26).

Vegetarian diets generally contain high
quantities of fiber, phytate and tannin, which
have been found to bind to iron and re-
duce bioavailability. Kramer et al.(27) re-
ported that the energy level of vegetarian
diet is also an important factor relative to
mineral adequacy. The low energy lifestyle
and low energy intake among vegetarians

Table 4 Mean daily energy and iron intake by female vegetarians and their iron nutrient
density.

Type Fe intake Energy Iron density density References
(mg) (kcal) (mgFe/1000 kcal)

Indian vegans 10.6 1412 7.5 Kelsay (25 )
American vegans 12.3 1742 7.1 Kelsay (25)
Lacto-ovo-vegetarian 14.4 1711 8.4 Bindra (3)
Lacto-ovo-vegetarian 12.7 1900 6.7 Abdulla (26)
Seventh-day Adventist 12.5 1630 7.7 Anderson (21)
Thai vegetarian 12.5 1624 7.7 Nopamon (24)
Regular Thai meals* 12.9 1749 7.4 Vina (23)
RDA** 10.0-18.0 2200 6.0-12 RDA (20)
* Averaged from different regions of Thailand  ** Recommended Daily Allowances

Table 5 Daily iron requirements based on FAO/WHO Report 1988
(28)

.

Group Age Average weight Daily iron requirement (mg/d)
(yrs) (kg) 97.5

th
 Percentile

Children 0.25-1 8 0.96
1-2 11 0.61
2-6 16 0.70
6-12 29 1.17

Boys 12-19 53 2.02
Girls 12-19 51 2.38
Adult males 70 1.27
Adult females

Menstruating 20-49 55 2.38
Menopausal 50+ 55 0.96
Lactating 55 1.31

make its sometimes difficult to meet the
requirement for certain nutrient.

Based on FAO/WHO Report 1988 as given
in Table 5(28). The iron requirements at
97.5th percentile for menstruating girls and
women is 2.38 mg. In this study the iron
absorbed per 2000 kcal meal with 200 mg
of ascorbic acid could provide only 60%
of FAO/WHO recommendation. To meet
these requirements it is suggested that the
meals needs to contain higher content of
iron and ascorbic acid and the minimal lev-
els of phytate and iron-binding phenolic
compounds.
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CONCLUSION

Dietary iron deficiencies are most com-
mon among vegetariens whose diet are
extremely restricted. Absorption of these
types of meals is impaired by the presence
of high levels of phytate and iron binding
phenolic compounds. The consumption of
ascorbic acid with a vegetarian meal con-
taining primarily inorganic nonheme iron
could improve the absorption of iron for
the vegetarians whose diets contains com-
ponents leading to decreased iron availabil-

ity. It is possible that vegetarians can avoid
problems in iron status by limiting fibre,
phytate and tannin to a reasonable degree
and maintaining an adequate energy intake.

Acknowledgement

We are grateful to Professor Lief Hallberg
and his colleagues, Department of Medi-
cine, University of Gothenberg, Sweden for
their guidance and encouragement
throughout the past 20 years of our col-
laborative studies.

REFERENCES

1. Freeland-Graves J. Mineral ad-
equacy of vegetarian diets. Am J
Clin Nutr 1988;48:859-62.

2. Dwyer JT. Health aspects of
vegetarian diets. Am J Clin Nutr
1988;48:712-38.

3. Bindra GS, Gibson RS. Iron status
of predominantly lacto-ovo-vegetar-
ian East Indian immigrants to
Canada:a model approach. Am J
Clin Nutr 1986;44:643-52.

4. Asvapaka N, Temcharoen P and
Pungpapong V. The nutritional
status of the vegans. J Nutr Assoc
Thailand 1988;22:19-31.

5.  Chitchumroonchokchai C.
Puwastien P, Sirichakwal PP,
Kongkachuichai R. Vitamin B12
Status in Thai adult vegetarians. J
Nutr Assoc Thailand 1988;22:107-
14.

6. Hallberg L, Bjorn-Rasmussen E.
Determination of iron absorption
from whole diet;a new two pool
model using two radioiron isotopes
given as haem and non-haem iron.
Scan J Haematol 1972;9:193-7.

7. Cook JD, Layrisse M, Martinez-
Torres C, Walker R, Monsen E,
Finch CA. Food iron absorption
measured by an extrinsic tag. J
Clin Invest 1972;51:801-15.

8. Hallberg L, Brune M, Rossander L.
Effect of ascorbic acid on iron
absorption from different types of
meals. Studies with ascorbic-acid-
rich foods and synthetic ascorbic
acid given in different amounts with
different meals. Hum Nutr Appl
Nutr 1986;40A:97-113.

9. Hallberg L, Brune M, Rossander L.
Iron absorption in man:ascorbic acid
and dose-dependent inhibition by
phytate. Am J Clin Nutr
1989;49:140-4.

10. Brune M, Rossander L, Hallberg L,
Iron absorption and phenolic
compounds:importance of different
phenolic structures. Eur J Clin
Nutr 1989;43:547-58.

Ascorbic Acid : Effect on Food Iron Availability from Strict Thai Vegetarian Meals
 M. Tuntawiroon et al.



Thai Nuclear Medicine Newsletter  Vol.5  No.1  1999-2000 57

11. Tuntawiroon M, Sritongkul N,
Rossander-Hulten L, Pleehachinda
R, Suwanik R, Brune M, and
Hallberg Leif. Rice and iron
absorption in man. Eur J Clin Nutr
1990;44:489-97.

12. Tuntawiroon M, Sritongkul N,
Brune M, Rossander-Hulten L,
Pleehachinda R, Suwanik R, and
Hallberg Leif. Dose-dependent
inhibitory effect of phenolic com-
pounds in foods on nonheme-iron
absorption in man. Am J Clin Nutr
1991;53:554-7.

13. Official Methods of Analysis of the
Association of Official Agricultural
Chemists (AOAC) 10th ed. Wash-
ington DC:Association of Official
Agricultural Chemists 1965, p 192.

14. Harland B, Oberleas D. Anion-
exchange method for determination
of phytate in foods:Collaborative
study. J Assoc Offic Anal Chem
1986;69:667-70.

15. Brune M, Hallberg L, Skanberg
AB. Determination of iron-binding
phenolic groups in foods. J Food
Science 1991;56:128-31.

16. Schricker BR, Miller DD,
Rasmussen RR, Van Campen D. A
comparison of in vitro methods for
determining availability of iron from
meals. Am J Clin Nutr
1981;34:2257-63.

17. Eakins JD, Brown DA. An im-
proved method for the simultaneous
determination of iron-55 and iron-59
in blood by liquid scintillation
counting. Int J Appl Radiat Isot
1966;17:391-7.

18. Suwanik R, Maharakaka N,
Chayasuta, Pleehachinda R,
Intrasupta S, Buranapongse P,
Premyodhin M. Blood Volume in
Thais. J Med Assoc Thailand
1971;54:920-36.

19. Hallberg L, Rossander L. Iron
requirement in menstruating
women. Am J Clin Nutr
1991;54:1047-58.

20. Recommended dietary allowances.
Eight Edition (1974) Washington
DC. Natl Acad Sciences.

21. Anderson BM, Gibson RS, Sabry
JH. The iron and zinc status of
long-term vegetarian women. Am J
Clin Nutr 1981;34:1942-48.

22. Hardinge MG, Stare FJ. Nutritional
studies of vegetarians:I. Nutritional
physical and laboratory findings. Am
J Clin Nutr 1954;2:73-82.

23. Sritongkul N, Tuntawiroon M,
Pleehachinda R, Suwanik R.
Estimation of food iron availability
from vegetarian diets. The 31st

Siriraj Scientific Meeting 1990,
p543-557.

24. Viravaidhya V. Report of a Work-
shop on Food Habits. Supported by
ASEAN Food Habit Project.
Bangkok, Thailand 1980, p65-90.

25. Kelsay JL, Frazier CW, Prather ES,
et al. Impact of variation in carbo-
hydrate intake on mineral utilization
by vegetarians. Am J Clin Nutr
1988;48:875-9.

Ascorbic Acid : Effect on Food Iron Availability from Strict Thai Vegetarian Meals
 M. Tuntawiroon et al.



58 Thai Nuclear Medicine Newsletter  Vol.5  No.1  1999-2000

26. Abdulla M, Aly KO, Anderson I, et
al. Nutrient intake and health status
of lactovegetarians:chemical
analysis of diets using duplicate
portion sampling technique. Am J
Clin Nutr 1984;40:325-38.

27. Kramer LB, Osis D, Coffey J,
Spencer H. Mineral and trace
element content of vegetarian diets.
Am J Clin Nutr 1984;3:3-11.

Ascorbic Acid : Effect on Food Iron Availability from Strict Thai Vegetarian Meals
 M. Tuntawiroon et al.

28. FAO/WHO Joint Expert Consulta-
tion Report. Requirements of
vitamin A, iron, folate and vitamin
B12. FAO Food and Nutrition
Series 23, Rome 1988.


