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Abstract

The mean daily fluoride intake in infants was estimated on the basis of their intake
of commercial foods for infants in Japan and evaluated in order to establish the effectiveness
and safety criteria for water fluoridation, which is practiced as a preventive measure for
dental caries suitable in life stages from children to the elderly. Based upon the intakes
of foods for infants, the mean daily fluoride intake was estimated to be 0.166 mg in infants
aged 3–4 months, 0.202 mg in those aged 5–6 months, and 0.266 mg in those aged 7–8
months. The mean daily fluoride intake per kg of body weight at these ages was in the
range of 0.023–0.029 mg/kg, which was about half of the standard daily fluoride intake
for infants and children advocated by Ophaug et al., as 0.05–0.07 mg/kg.

From our results, the daily fluoride intake of infants from foods in Japan is estimated
to be equivalent to or lower than the values of previous reports in non-fluoridated areas.
Consequently, our data support the argument that water fluoridation and the appropriate
use of fluoride for dental caries prevention in Japan are needed on the basis of scientific
criteria in terms of fluoride exposure related to food intake during tooth formation.
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INTRODUCTION

Numerous epidemiological studies have
demonstrated that fluoride application has a
marked preventive effect against dental caries
in children. WHO approved fluoride as a
preventive measure of dental caries in 196947)

and recommended its appropriate use48,49).
Moreover, water fluoridation as a measure for

the prevention of dental caries has recently
been shown to be effective from childhood
throughout the entire lifespan to old age11,17).

In planning fluoride applications for oral
health, the daily fluoride intakes (DFIs)2)

from drinking water and food stuffs must be
evaluated as basic data for human body as an
index of routine fluoride intake. In Western
countries, DFIs from foods and drinking water

This paper is based on a thesis submitted to the Graduate School, Tokyo Dental College, published in
Journal of Dental Health (in Japanese) by T. Tomori.
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are evaluated for many years and monitored
regularly in terms of fluoride exposure,
especially in considering the occurrence of
dental fluorosis5,9,15,16,19–24,29,30,34,35,45).

The fluoride intake of the Japanese
population has been investigated by several
groups since the 1950’s, but the studies have
been focused primarily on adults13,32,33,36,43,44).
Additionally, the measured values have been
obtained by different analytical methods and
are not appropriate for direct comparisons.
Because imported foods and factory-processed
foods are increasingly available, and the
patterns of food intake and dietary habits
have been changing, reevaluation of fluoride
content in foods and daily fluoride intake is
needed with current data50).

The standards for daily fluoride intake in
infancy and early childhood are determined
using indices of an increase in the resistance
of teeth against caries due to pre-eruptive
maturation of the enamel of permanent teeth
and improvements in its crystalline properties
as well as those of prevention of the occurrence
of dental fluorosis caused by an excess fluoride
intake, which is suspected to be due to the
intake of high fluoride in drinking water and
various fluorides2,22,30,31).

Based on these considerations, Recom-
mended Dietary Allowances (RDAs)37) have
been issued in the United States, and toler-
able intakes of major nutritional elements,
minerals, and trace elements are discussed
therein. The tenth edition of RDAs (1989)
lists intake levels of copper, manganese,
fluorides, chromium, and molybdenum that
are estimated as safe and adequate daily
dietary intakes in addition to such major
minerals as calcium, phosphorus, magnesium,
iron, zinc, iodides, and selenium. Recent pub-
lications have urged that the fluoride intake
should not substantially exceed the tolerable
upper intake level (UL) of the appropriate
range37) and have requested evaluation of the
establishment of new criteria17,50).

Therefore, we believe that the fluoride
intake from food is a factor closely related to
the use of fluoride for prevention of dental
caries and that estimation of the daily fluoride

intake in infants from foods for infants is
therefore needed data for planning a preven-
tion program. Early childhood is the most
important period for monitoring the appro-
priate use of fluoride in Japan.

MATERIALS AND METHODS

1. Foods for infants
In this study, commercial powdered milk

and baby foods were analyzed as samples of
foods for infants. Ten powdered milk products,
2 products each from 5 manufacturers, were
analyzed. As baby foods, 48 products in
Groups I (grains), II (meat, fish, and dairy),
III (vegetables), and IV (fruits and juices) were
selected as samples according to Imamura’s
classification of baby foods14). They consisted
of 11 grain products (5 freeze-dried and 6
retort-packed foods), 20 meat, fish or dairy
products (13 freeze-dried and 7 retort-packed
foods), 11 vegetable products (5 freeze-dried
and 6 retort-packed foods), and juice or fruit
6 products. Food collections were carried out
from 1994 to 1996. The same lot numbers of
3 to 5 commercial powdered milk and baby
foods were collected. Before analysis, each
sample (same lot) was mixed as follows:
the freeze-dried foods were pulverized in a
cartridge mill (Ikeda Kagaku, Tokyo), and the
retort-packed foods containing water were
homogenized in a mortar.

2. Experimental apparatuses, reagents, and
solutions

1) Micro-diffusion apparatus
Fluoride was isolated from the food samples

by using the micro-diffusion apparatus of
Hinoide et al.10). This micro-diffusion apparatus
is made of Teflon and is heat- and chemical-
proof. The apparatus is air-tight with a screw-
top lid. A thin Teflon vessel (capacity 1.5 ml)
is placed in the internal chamber of the
diffuser. By placing the sample and isolation-
diffusion fluid in the outer chamber and the
fluoride capturing fluid in the vessel of the
inner chamber, the isolation, diffusion, and
capturing of the fluorides from the sample

T. TOMORI et al.
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are performed in a closed system.
2) Apparatus for fluoride ion assay

A combination fluoride ion electrode (96-
09 BN, Orion Research, Ltd., Boston, USA)
with an ion analyzer (EA940, Orion Research,
Ltd., Boston, USA) was used to determine
the fluoride concentration in the trapping
solution.
3) Reagents and solutions
(1) Isolation-diffusion solution

The isolation-diffusion solution for
fluorides from the foods was an HMDS/
saturated 5 M perchloric acid prepared
by diluting a 60% perchloric acid (for
precise analysis, Wako Pure Chemical
Industries) with distilled water to 5 M
and mixing 200 ml of this 5 M perchloric
acid with 10 ml of hexamethyldisiloxane
(HMDS, Shinetsu Kagaku, Tokyo) accord-
ing to Taves38,39).

(2) Fluoride capturing solution
The isolated and diffused fluorides

were captured with 1 ml of 0.1 M NaOH
solution.

(3) Standard solutions of fluoride ion
concentration

Standard solution of fluoride (1,000
ppmF) was prepared by dissolving 221 mg
of NaF (Special grade, Wako Chemical
Industries, Ltd.) in distilled water and
diluting to 100 ml. Standard samples of
NaF solution containing 0.1, 1.0, 10, and
100�g/ml of fluoride ions were used as
references for the samples.

3. Analytical procedures for fluorides
in foods by the micro-diffusion method

The sample was weighed (0.5 g of a freeze-
dried food, 2 g of retort-packed food) and
placed in the outer chamber of the micro-
diffusion apparatus. Then the capturing vessel
was placed in the inner chamber of the micro-
diffusion apparatus, and 1ml of the fluoride
capturing fluid (0.1 M NaOH) was dripped
in. After 4 ml of the isolation-diffusion solu-
tion (HMDS/saturated 5 M perchloric acid
solution) was poured into the outer chamber,
the lid was immediately screwed on. The
apparatus was held horizontally and gently
rotated to allow the isolation-diffusion solu-
tion to permeate evenly into the sample. The
contents were allowed to react for a predeter-
mined period at 60°C in an incubator (DS-43,
Yamato Kagaku, Tokyo). After the reaction,
the contents were removed from the incubator
and allowed to cool at room temperature.
The capturing vessel was removed from the
micro-diffusion apparatus, and the weight loss
was complemented with distilled water. To the
capturing solution, 0.1 ml of TISAB III (Total
Ionic Strength Adjusted Buffer III, Orion
Research, Ltd., Boston, USA) was added, and
fluoride ion was assayed by the fluoride
ion electrode method. Blank assays were
performed by two diffusion vessels containing
the isolation-diffusion fluid without a sample
in the outer chamber. At each assay, a blank
value was obtained as the mean fluoride
ion concentration of the above two diffusion

INFANT FOODS AND DAILY FLUORIDE INTAKE
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vessels, and assays were repeated three times
with each sample (Fig. 1).

4. Fluoride analysis
by the distillation method

Each food sample was weighed (4–5 g) and
placed in a porcelain crucible. Five ml of
CaOH solution was added as a fluoride fixing
agent, and the contents were dried at 80°C
and incinerated at 550°C for at least 12 hours.
The distillation was performed using 100 ml of
60% perchloric acid as the wet incineration
solution at a distillation temperature of
140�2°C and distillation rate of 30ml/
10 min. Distillation was ended when 200ml of
distillate had been obtained26). Fluorides in
the distillate were assayed by the fluoride ion
electrode method.

5. Analysis of Ca, Mg, and P in foods
for infants

For analysis of Ca, Mg, and P in foods for
infants, the sample (0.1 g of freeze-dried food,
1 g of retort-packed food) was wet-incinerated
with 1 ml of 70% HNO3 and 0.5 ml of 60%
HClO4. Ca and Mg were then assayed by
atomic absorption spectrophotometry (508,
Hitachi), and P by the spectrophotometric
method of Chen et al.3) (MPS-2000, Shimadzu).

6. Calculation of mean daily fluoride intake
in infants

The freeze-dried foods for infants were
prescribed to be prepared with drinking
water at 5 times the volume of the dried
food. As the fluoride ion concentration in tap
water in Japan is less than 0.2 ppm, the test

Table 1 Fluoride recovery by HMDS-microdiffusion method

F added (�g) F determined (�g) F recovery (%) C.V. (%)

0.2 0.19�0.003* 95.0�1.5* 1.6

2.0 1.96�0.068 98.2�3.4 3.5

*: mean�S.D., n�5

Table 2 Effect of time on fluoride diffusion in baby foods (�g/g)

Baby foods Sample (g)
Diffusion condition

60°C • 2 hr 60°C • 6 hr 60°C • 12 hr

Rice gruel* 2 0.53 (0.01) 0.72 (0.04)  0.82 (0.04)

Beef with vegetable** 0.5 0.54 (0.06) 0.57 (0.04)  0.88 (0.14)

Rice gruel** 0.5 0.14 (0.01) 0.18 (0.02)  0.21 (0.01)

Rice gruel with young sardine** 0.5 2.67 (0.10) 2.81 (0.21)  2.91 (0.06)

*: Freeze-dried food, **: Retort food, mean�S.D., n�3

Table 3 Comparison of F concentration of infant foods by distillation method (ashed) and
microdiffusion method (unashed)

Unashed Ashed
Infant food Microdiffusion method Steam distillation method

Unashed/ashed�100

(�g/g)
(%)

Rice gruel with
E 2.91�0.06 3.21�0.24 90.6young sardine

Rice gruel F 5.22�0.07 5.38�0.13 97.0

mean�S.D., n�5

T. TOMORI et al.
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foods were prepared by assuming the fluoride
ion concentration in drinking water was
0.1 ppm. Because the retort-packed foods
are eaten directly from the package, the
assay results were regarded as their fluoride
concentrations.

The age specific body weights of infants,
total energy intakes, and intakes of various
foods were calculated on the basis of the data
of Nishimura et al.28). The age specific mean
daily intakes of various food groups were
calculated by dividing the total energy (kcal)
of each food group and the mean energy
of each food group for infants (kcal/g).
Therefore, the mean daily fluoride intake at
a given age was calculated as follows;

The mean daily fluoride intake at a given
age of the month (mg)��mean fluoride
concentrations in various food groups at the
time of intake�intake of various food groups.

The mean daily fluoride intake per kg of
body weight was calculated by dividing the
mean daily fluoride intake obtained above by
the body weight at the age in months28).

RESULTS

1. Fluoride analysis of foods for infants
by the micro-diffusion method:
Evaluation of diffusion time and
recovery rate

The fluoride ion standard addition method
by micro-diffusion (60°C, 12-hour) was per-
formed by repeating the assay procedure 5
times each at fluoride ion concentrations of
0.2 and 2.0�g. The fluoride ion addition-
recovery rate (%) was calculated as the
measured value of fluoride ion concentration
�blank value/quantity of fluoride ion added
�100. The recovery rates at the added
quantities of fluoride ion of 0.2�g and 2.0�g
were 95.0�1.5% and 98.2�3.4%, respectively
(Table 1). The blank value obtained in five
repeated assays was 0.026�0.008�g, a trace
level.

Before analyzing fluorides in foods for
infants by a combination of the micro-diffusion
method and the fluoride ion electrode

method, the diffusion time was evaluated
using samples of 4 food items (Table 2).
The diffusion temperature was fixed at 60°C,
and the assays were repeated 3 times, except
in the case of “porridge containing dried
young sardines”, which was assayed 5 times.
The measured fluoride concentrations in
“porridge containing dried young sardines”
were 2.67�0.10, 2.81�0.21, and 2.91�
0.06�g/kg after diffusion for 2, 6, and 12
hours, respectively, showing increases with
the diffusion time. The value after the 2 hours
diffusion was greater than 90% of the value
after the 12 hours diffusion. The measured
values of fluoride after 12 hours diffusion
were 0.21�0.01�g/g in “rice porridge”, 0.82
�0.04�g/g in “porridge”, and 0.88�0.14�g/g
in “beef and vegetable”. The recovery rate
after 6 hours of diffusion compared with that
after 12 hours diffusion was 64.7% in “beef
and vegetables” but 85% or higher in the
other foods.

The fluoride concentrations in 2 baby foods
were compared by the micro-diffusion at
60°C, 12 hour-fluoride ion electrode method
and the incineration-vapor distillation-fluoride
ion electrode method. The recovery rates of
fluorides on 5 repeated assays were 90.6% for
“porridge containing dried young sardines”
and 97.0% for “rice porridge” (Table 3).

The recovery rate of fluorides was 90%
or above and the blank value was very low
with the micro-diffusion method, so that the
fluoride assay was shown to be possible even in
a small quantity of a sample containing a low
level of fluoride by this method. Therefore, a
combination of the micro-diffusion method
(60°C, 12-hour or longer)-fluoride ion elec-
trode method was selected as the method for
fluoride analysis of foods for infants.

2. Fluoride concentrations in
processed powdered milk

The fluoride concentrations in 10 com-
mercial processed powdered milk products
were 0.30–1.00�g/g (mean 0.50�g/g), and,
when they were prepared according to the
manufacturers’ instructions with distilled water
(13–14 g/100 ml), the fluoride concentrations

INFANT FOODS AND DAILY FLUORIDE INTAKE
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Table 4 F, Ca, Mg, and P concentration in powdered milk

Powdered milk F Ca Mg P
No.

Trade name Manufacturer �g/g

1 F & P A 0.84 4,090 472 1,900

2 Step A 1.00 6,520 625 2,940

3 Neomilk Ai B 0.43 3,950 465 1,910

4 Neomilk Tyuyoiko origo B 0.48 5,240 502 3,110

5 LF Tirumiru C 0.52 3,240 480 1,800

6 New-LF Tirumiru C 0.62 3,210 494 2,830

7 SMA S-26 D 0.37 3,490 461 2,240

8 SMA follow 6 D 0.50 6,590 703 3,990

9 Lebense follow E 0.30 3,530 391 2,110

10 Lebense f E 0.35 3,500 395 3,300

with a low Ca concentration or not containing
seafood such as dried young sardines.

Group II includes infant foods in which
protein is the primary component; meat, fish,
and dairy products are classified into this
group (Table 6). The fluoride concentrations
in freeze-dried products were in the range of
0.19–0.88�g/g, and no high-fluoride food
was included in this group, but the Ca content
(405–15,900�g/g) was not necessarily low, and
it was considerably higher in some products
(No. 5, 12) than in the grain products. Among
retort-packed products, the fluoride concen-
tration was highest in “beef” at 0.18�g/g but
was generally low at 0.02–0.08�g/g in the
other products.

Table 7 shows the F, Ca, Mg, and P concen-
trations in the baby foods classified as Group
III, in which vegetables were the primary
components. The fluoride concentrations in
freeze-dried vegetables were 0.22–0.62�g/g
(n�5). Many of the retort-packed vegetables
were characteristically made in the USA,
and their fluoride concentrations were 0.04–
0.56�g/g (n�6). However, the fluoride con-
centration in “mixed vegetables” made in the
USA (0.56�g/g) was about ten times higher
than in “mixed vegetables” of the same maker
made in Japan (0.05�g/g).

Among the commercial juices and fruits,
the fluoride concentrations in fruits were low
at 0.03–0.05�g/g (n�3), and those in juices

at the time of intake by infants were 0.04–
0.12�g/ml. The processed powdered milk
manufactured by A (No. 2), in which the fluo-
ride concentration was the highest (1.0�g/g)
among the samples examined in this study,
characteristically had a slightly higher calcium
content (6,520�g/g) compared with the other
products (Table 4).

3. Fluoride concentrations in foods
for infants

Table 5 shows the concentrations of F, Ca,
Mg, and P contained in “porridge”, which is
classified in the grain group among baby
foods. The fluoride concentration was high in
“rice porridge” (No. 6, 5.22�g/g) and in two
of the products labeled “porridge containing
dried young sardines” (No. 2, 2.91�g/g; No. 7,
2.35�g/g) among freeze-dried grains. In “rice
porridge” (No. 6), which showed the highest
fluoride concentration, the Ca (6,990�g/g)
and P (9,150�g/g) concentrations were
markedly higher than in the other foods. The
fluoride concentration was 0.6�g/g or less in
the other grain foods. Among retort-packed
grain foods, the fluoride concentration was
high at 0.44�g/g in “porridge containing
dried young sardines and vegetables” but was
very low at 0.07�g/g or below in other grain
foods not containing dried young sardines.
Among retort-packed foods, the fluoride con-
centration tended to be low in the products

T. TOMORI et al.
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Table 5 F, Ca, Mg, and P concentration in gruel available

Gruel F Ca Mg P
No.

Trade name Manufacturer �g/g

1 Rice gruel* E 0.21 92 155 884

2 Rice gruel with young sardine* E 2.91 1,300 406 2,070

3 Rice gruel* A 0.50 1,490 221 1,210

4 Rice gruel boiled with miso* A 0.60 4,520 334 1,350

5 Cereal* A 0.22 227 817 2,420

6 Rice gruel* F 5.22 6,990 554 9,150

7 Rice gruel with young sardine* F 2.35 937 469 2,980

8 Pilaf with shrimp* F 0.45 1,050 326 3,570

9 Rice gruel with liver** F 0.07 181 47 866

10 Rice gruel with egg** F 0.06 87 36 712

11 Rice gruel with sardine** F 0.44 147 50 466

*: Freeze-dried food, **: Retort food

Table 6 F, Ca, Mg, and P concentration in baby food (meat and fish)

Meat and fish F Ca Mg P
No.

Trade name Manufacturer �g/g

1 Beef with vegetable* A 0.88 4,460 650 2,430

2 Liver with vegetable* A 0.54 4,790 909 3,150

3 Fish with vegetable* A 0.60 4,750 639 6,710

4 Beef stew* E 0.54 405 550 1,700

5 Beef stew* F 0.19 8,970 710 5,060

6 Tuna stew* E 0.29 1,410 413 2,480

7 Samon doria* E 0.37 1,860 326 2,370

8 Chicken stew* E 0.19 1,490 446 3,200

9 Chicken risotto* F 0.34 310 539 5,700

10 Macaroni gratan* E 0.54 2,480 465 2,780

11 Samon stew* F 0.27 1,900 715 7,700

12 Flat fish & spinach stew* F 0.26 15,900 1,370 8,030

13 Liver with vegetable* E 0.75 1,090 610 5,050

14 Beef** F 0.18 43 126 2,240

15 Pork (ham)** F 0.02 36 165 3,040

16 Cheese doria** F 0.07 301 43 656

17 Beef & liver product** F 0.05 66 88 2,300

18 Chicken product** F 0.08 547 139 2,220

19 Beef product** F 0.06 43 83 902

20 Fruits yogurt** F 0.07 499 75 954

*: Freeze-dried food, **: Retort food

INFANT FOODS AND DAILY FLUORIDE INTAKE
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were 0.14–0.18�g/g (n�3) (Table 8).

4. Fluoride concentrations in foods
for infants according to food groups

Table 9 shows the fluoride concentrations
in various food groups at intake calculated on
the assumption that the fluoride concentration
in drinking water is 0.1 ppm. The fluoride
concentration and energy in freeze-dried
foods at intake were calculated by assuming
that they were prepared with five volumes of
drinking water.

The fluoride concentrations in processed
powdered milk at intake were 0.14–0.2�g/g
(mean 0.17�g/g). The fluoride concentra-
tions at intake were 0.06–0.88�g/g (mean
0.30�g/g) in grains and 0.02–0.23�g/g (mean
0.13�g/g) in meat and fish. It was 0.04–

0.60�g/g (mean 0.23�g/g) in vegetables and
0.03–0.18�g/g (mean 0.10�g/g) in juices
and fruits. Among the food groups, the
fluoride concentration was highest in grains
(mean 0.30�g/g).

5. Estimation of mean daily fluoride intake
based on the intakes of
commercial foods for infants

The mean daily fluoride intakes were
estimated from the fluoride concentrations in
various food groups by calculating the intakes
of foods from the age and body weight of the
infants and the energy intakes from various
food groups. The age specific mean daily
fluoride intakes were estimated from the
intakes of various food groups and their
fluoride concentrations (Table 10). The mean

Table 7 F, Ca, Mg, and P concentration in baby food (vegetable group)

Vegetable F Ca Mg P
No.

Trade name Manufacturer �g/g

1 Pumpkin* E 0.42 1,150 302 1,826

2 Vegetable mix* E 0.22 443 616 1,400

3 Vegetable mash* A 0.55 465 671 1,300

4 Vegetable soup* E 0.62 642 233 703

5 Spinash & green pea* E 0.33 1,940 853 1,850

6 Carot (U.S.A.)** F 0.11 130 133 386

7 Green pea (U.S.A.)** F 0.47 122 103 658

8 Pumpkin (U.S.A.)** F 0.04 270 133 346

9 Spinash (U.S.A.)** F 0.12 993 384 1,280

10 Mix vegetable (U.S.A.)** F 0.56 138 89 666

11 Mix vegetable ( JPN)** F 0.05 108 112 746

*: Freeze-dried food, **: Retort food

Table 8 F concentration in fruit and juice for infant

No. Fruits and Juice Manufacturer F (�g/g)

1 Peach* F 0.04

2 Apple* F 0.05

3 Apricot* F 0.03

4 Apple juice** F 0.14

5 Apple & fruits juice** F 0.18

6 Mix fruits juice** F 0.15

*: Retort food **: Fresh

T. TOMORI et al.
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daily fluoride intake of infants was estimated
to be 0.166mg/day at the age of 3–4 months,
0.202 mg/day at 5–6 months, and 0.266 mg/
day at 7–8 months. Of the mean daily fluoride
intake at the age of 3–4 months, 88% was
accounted for by processed powdered milk,

but the percentage of fluoride intake from
processed powdered milk decreased gradually
with the advancing age; it was reduced to
44.4% at the age of 7–8 months. The intakes
of baby foods increased as babies got older;
these increases were mostly due to the

Table 9 Fluoride concentration in infant foods (�g/g)*

Ready-to-feed (F �g/g) Energy
Infant food

Range Mean N kcal/g

Infant formula 0.14–0.22 0.17 10 0.67

I Cereal 0.06–0.88 0.30 11 0.62

II Meat & fish 0.02–0.23 0.13 20 0.76

III Vegetable 0.04–0.60 0.23 11 0.53

IV Fruits & juice 0.03–0.18 0.10 6 0.47

*: 0.1ppm fluoride drinking water

Table 10 Average daily fluoride intake based on intake of baby foods*

Age month Foods Energy Intake Average of fluoride intake

Weight kcal g mg/day % mg/kg body wt.

3–4months Powdered milk 578 863 0.147 88.0

7.31kg Gruel 13 21 0.006
Meat & fish 12 16 0.003 6.6
Vegetable 2 4 0.001

Juice 43 91 0.009 5.4

Total 647 0.166 100 0.023

5–6months Powdered milk 481 718 0.122 55.4

8.38kg Gruel 109 178 0.053
Meat & fish 44 58 0.007 32.2
Vegetable 12 23 0.005

Juice 33 70 0.010 7.4
Water . . . 50 0.005

Total 678 0.202 100 0.024

7–8 months Powdered milk 467 697 0.118 44.4

9.17kg Gruel 210 339 0.102
Meat & fish 166 218 0.028 51.1
Vegetable 15 28 0.006

Juice 24 51 0.005 4.5
Water . . . 70 0.007

Total 882 0.266 100 0.029

*: 0.1ppm fluoride drinking water

INFANT FOODS AND DAILY FLUORIDE INTAKE
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increases in grains, which accounted for
51.1% of the fluoride intake at the age of
7–8 months, exceeding the 44.4% from
processed powdered milk.

The fluoride intake per kg of body weight
was estimated to be 0.023 mg/kg at the age of
3–4 months, 0.024 mg/kg at 5–6 months, and
0.029 mg/kg at 7–8 months.

DISCUSSION

The effectiveness and safety of fluoride
application for the prevention of dental caries
have been evaluated for nearly 50 years2,11,49).
WHO issued recommendations for the use
of fluorides for caries prevention in 196947),
197048), and 199449), and about 360 million
people in 60 countries are using fluoridated
water today1). However, as the use of fluorides
has become routine, confirmation of the
standards for daily fluoride intake through
each life-stage has become a global issue19).
The Food and Nutrition Board Commission
on Life Sciences of the National Research
Council announced Recommended Dietary
Allowances (RDAs) of vitamins A, D, E, K, and
B’s as well as Ca, P, Mg, Fe, Zn, I, and Se.
Fluorides, the contents of which in the adult
body are the next highest only to Fe, are men-
tioned in the Estimated Safe and Adequate
Daily Dietary Intakes of Selected Vitamins
and Minerals37). In Japan, the Resources
Council of the Science and Technology
Agency has published “Standard Tables of
Food Composition in Japan” in cooperation
with related administrative organizations, but
the daily intake of fluorides is not mentioned
even in the 6th edition of the Nutritional
Requirements8). In its latest revision, fluorides
appear to have been evaluated mainly at
the Community Health, Health Promotion,
and Nutrition Division of the Health Service
Bureau, Ministry of Health and Welfare.

Today, fluoride application is evaluated as
a lifetime means for caries prevention, and
estimation of the daily fluoride intake is
indispensable and fundamental assessment
required to assure its effectiveness and safety.

Fluorine as an essential trace element for the
body has an important role in promoting the
generation and maturation of apatite crystals
in the odontogenic period, and there is a
vast literature on this issue. Fluorides make
major contributions not only to dental apatite
crystal maturation but also to the stability of
bone apatite crystals, and, as their usefulness
throughout the human lifetime is being clari-
fied, the establishment of adequate intake
(AI) standards for fluoride8,50) is a crucial task
in life science.

There have been several reports of the
analysis and estimation of fluoride contents
of foods in Japan since the 1950’s13,32,33,36,43,44).
Samejima33) estimated the daily fluoride intake
from drinking water and foods in 12-year-old
children to be 1.3–2.2 mg (fluoride concen-
tration in drinking water: 0.05–0.2 ppm) from
the menu. Saito32) reported the mean daily
fluoride intake from the daily diet in Japanese
adult males to be 1.52–2.1 mg. Iizuka13)

estimated the daily fluoride intake in adults at
0.48–2.64 mg. Tsunoda et al.44) calculated the
daily fluoride intake in an average Japanese
to be 1.01 mg on the basis of the national
mean intakes of various foods according to
the Nutritional Survey of Japan. Tomomatsu
et al.43) reported that the mean fluoride intake
in adults calculated by the market basket
method was 1.75 mg. However, with improve-
ments in the analytical method for fluorides
in foods as well as the increased diversity of
foods and changes in the dietary environment,
reevaluation of dietary fluoride analysis and
daily fluoride intake has become necessary.

The daily fluoride intake from foods in
infancy and early childhood is considered to
be an important indicator for setting fluoride
levels appropriately for both promotion of
pre-eruptive maturation of the enamel in
the formation of teeth and prevention of
dental fluorosis, which is suspected to be
caused by excessive fluoride intake from
highly fluoridated drinking water and other
sources. For this reason, we evaluated the
daily fluoride intake in infants by analyzing
the fluoride content in foods for infants.
The daily fluoride intake from foods for
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infants and children has been compared with
literature reported internationally in Japan,
Brazil, and Thailand by Nishijima et al.27) and
Chitaisong et al.4).

In examining methods for fluoride analysis
of foods, Taves40) compared the results of the
micro-diffusion method with incinerated and
non-incinerated samples and reported no
difference. In this study, we also employed
fluoride analysis by the HMDS/micro-diffusion
method/fluoride ion electrode method with-
out incineration and ascertained its validity.

Ten commercial processed powdered milk
products available in Japan, 2 each from
5 domestic makers, and 48 items of baby
foods were analyzed. In this study, the
fluoride concentrations in the 10 processed
powdered milk products were 0.30–1.00�g/g
(mean 0.50�g/g). In Japan, Watanabe et al.46)

and Tomita et al.42) previously reported the
fluoride concentrations in powdered milk.
According to Watanabe et al.46), the total
fluoride concentrations in powdered milk
of 5 domestic manufacturers analyzed by
the incineration/micro-diffusion/fluoride ion
electrode method were 0.22–0.40�g/g. Tomita
et al.42) selected twenty powdered milk products
(6 were soybean-based) from 5 domestic
manufacturers and determined their fluoride
concentrations by (1) detection of fluoride
ion by gas chromatography, (2) diffusion
method, (3) pyrohydrolysis method, and (4)
direct measurement by the ion electrode
method, showing that there was no significant
difference in the fluoride concentration
between methods (2) and (3). They suggested
that the diffusion method is acceptable for
the measurement of the total fluoride con-
centration. They also reported that the total
fluoride concentrations in milk prepared
with distilled water were 0.033–0.210�g/ml
(n�20).

In other countries, Howat et al.12) compared
the fluoride concentrations in 6 processed
powdered milk products after preparation with
deionized water, and reported that they fell
in the range of 0.02–0.08�g/ml. McKnight-
Hanes et al.25) similarly reported that the fluo-
ride concentrations in processed powdered

milk prepared with deionized water were
0.055–0.121�g/ml. Dabeka et al.6) showed
that the fluoride concentrations were 0.11–
0.42�g/g in defatted powdered milk, but
Singer et al.35) reported that the fluoride con-
centrations in prepared processed powdered
milk were 0.08–0.31�g/ml in an area where
tap water was not fluoridated (0.3ppmF or
below).

In this study, the fluoride concentrations
in processed powdered milk prepared with
distilled water were 0.04–0.12�g/ml (mean
0.07�g/ml), which were within the ranges
reported by Watanabe et al.46) and Tomita et
al.42) and were close to the values reported
by Howat et al.12) and McKnight-Hanes et al.25).
From the results of fluoride analysis of
processed powdered milk in this study, the
fluoride concentrations of prepared powdered
milk drunk by infants are considered to
be generally 0.1–0.2�g/ml in Japan, where
tap water is not fluoridated, and they are
estimated to be 0.3�g/ml or less all over
Japan.

Concerning cow’s milk, Hattab et al.7)

reported the fluoride concentrations in
imported products, with the exception of
those made in Hong Kong, to be 0.01–
0.07�g/ml (n�7). Their usual concentrations
are also reported to be 0.1�g/ml or less16,41). In
earlier reports in Japan13,32,33,43,44), the fluoride
concentrations were 0.14–0.22�g/ml, but
Soejima36) reported a high concentration of
1.52�g/ml. According to our preliminary
investigation, the fluoride concentrations in
commercial cow’s milk were 0.04–0.06�g/ml
(n�4). Although direct comparison is impos-
sible because of the differences in the samples,
the 1.52�g/ml reported by Soejima36) is
extremely high for common cow’s milk. If this
value is directly used for estimation of the
daily fluoride intake in 3-year-old children, it
is likely to be overestimated.

Fluoride analysis was performed in 48
baby foods from 3 manufacturers. The “rice
porridge” that showed a high fluoride con-
centration (5.22�g/g) among freeze-dried
foods was a product made in the USA, and
its Ca concentration (6,990�g/g) and P con-
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centration (9,150�g/g) were also markedly
higher than in the other products, probably
because of the addition of calcium phosphate.
The fluoride concentration was higher in the
“porridge containing dried young sardines”
from two companies (2.91�g/g and 2.35�g/g)
than in plain “porridge” due to the addition
of “dried young sardine”. In the Japanese diet,
small fish such as “dried young sardines” are
recommended for children in the growth
period from infancy to school age as a source
of calcium, but they also contribute to fluo-
ride intake.

The mean daily fluoride intake in Japanese
infants was reported by Nishijima et al.27) and
Chitaisong et al.4) to be 0.087–0.238 mg/day
at the age of six months and was suggested
by Kimura et al.18) to be 0.10–0.57 mg/day
(mean 0.23 mg/day) in one-year-old children
by dietary fluoride analysis by the Duplicate-
portion sampling method. According to the
data in our study, the daily fluoride intake at
the age of 5–8 months was 0.202–0.266mg/
day, which is similar to the values in the above
reports. These values were also similar to or
lower than the values reported overseas19).

Issues raised by this study were: (1) Clarifi-
cation of the standard fluoride concentrations
in mother’s milk and home-cooked baby
foods, (2) clarification of the fluoride intakes
in wide regional blocks, mother’s milk, and
processed milk based on the food intakes
of Japanese infants, and (3) comparison of
the food intake pattern between children
aged 0–3 years and those aged 4 years and
above in relation to the standard nutritional
requirements. Concerning problem (2), in
particular, there are data concerning the daily
intakes of various foods from infants to adults
in Western countries, where the daily intakes
of nutritional elements are well documented.
In Japan, nationwide investigations using a
unified format are strongly required.

CONCLUSIONS

This study was designed to provide data
useful for the assessment of fluoride appli-

cation for dental caries prevention at each
life-stage and was carried out with particular
emphasis on analysis of the daily fluoride
intake of infants and evaluation of the mea-
sured values. Fluoride analysis was performed
on commercial baby foods, the measured
values were evaluated, and the daily fluoride
intakes of infants at various ages were esti-
mated. The results were as follows.
1. Fluoride analysis of baby foods was

performed using a Teflon micro-diffusion
apparatus without incineration of the
samples under the diffusion conditions of
60°C and 12-hour with HMDS-saturated
5 M perchloric acid solution. In this study,
the recovery rates of fluorides from the
samples were 90.6% or above. This fluoride
assay method, developed and evaluated at
our department, allows rapid and simple
analysis of low-concentration fluorides in
small quantities of samples.

2. The fluoride content in 10 processed pow-
dered milk products commercially available
in Japan analyzed in this study were 0.30–
1.00�g/g (mean 0.50�g/g). With these
fluoride contents, when the fluoride ion
concentration in routinely used tap water
is assumed to be 0.1�g/ml, the fluoride
concentration in the milk drunk by infants
is estimated to be 0.14–0.22�g/g (mean
0.17�g/g).

3. The mean fluoride contents of commercial
foods for infants at the intake as baby foods
were 0.30�g/g in grains, 0.13�g/g in meat,
fish, and dairy, 0.23�g/g in vegetables,
and 0.10�g/g in juices (fruits). Among
the baby foods, the fluoride concentration
was high in “rice porridge” made in the
USA to which calcium phosphate was added
(5.22�g/g) and commercial “porridge con-
taining dried young sardines” (2.91�g/g),
which is prepared by adding small fish to
porridge.

4. On the basis of the food intake of
infants, the mean daily fluoride intake was
estimated to be 0.166 mg in infants aged
3–4 months, 0.202 mg in those aged 5–6
months, and 0.266mg in those aged 7–8
months. The mean daily fluoride intake
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per kg of body weight at these ages was
0.023–0.029 mg/kg, which is considerably
lower than 0.05–0.07 mg/kg, the allowance
advocated by Ophaug et al.30).
This study provided basic data for estimated

daily fluoride intake based on the results of
fluoride analysis in foods for infants in Japan.
These data are considered to be useful as part
of the reference data for promoting water
fluoridation in Japan.

ACKNOWLEDGEMENTS

The authors extend their sincere gratitude
to the members of the Department of
Epidemiology and Public Health, Tokyo
Dental College, for kind advice.

REFERENCES

1) British Technology Fluoridation Society:
Optimal Water Fluoridation: Status Worldwide.
Liverpool, May, 1998.

2) Burt, B.A. (1992).  The changing patterns of
systemic fluoride intake. J Dent Res 71(Spec
Iss), 1228–1237.

3) Chen, P.S., Toribara, T.Y. and Waner, H.
(1956).  Microdiffusion of phosphorus. Anal
Chem 28, 1756–1758.

4) Chitaisong, C., Koga, H., Maki, Y. and Takaesu,
Y. (1995).  Estimation of fluoride intake in
relation to F, Ca, Mg and P contents in infant
foods. Bull Tokyo dent Coll 36, 19–26.

5) Chowdhury, N.G. and Shepherd, M.G. (1990).
Fluoride intake of infants in New Zealand.
J Dent Res 69, 1828–1833.

6) Dabeka, R.W., Mckenzie, A.D., Conacher,
H.B.S. and Kirkpatrick, D.C. (1982).  Deter-
mination of fluoride in Canadian infant foods
and calculation of fluoride intakes by infants.
Can J Public Health 73, 188–191.

7) Hattab, F.N. and Wei, S.H.Y. (1988).  Dietary
sources of fluoride for infants and children in
Hong Kong. Pediatr Dent 10, 13–18.

8) Health promotion and nutrition div., Health
Service Bureau, Ministry of Health and Welfare
(1999).  6th Revision of Dietary Reference Intakes.
pp.1–9, Ishiyaku Publishers, Inc., Tokyo. (in
Japanese)

9) Heilman, J.R., Kiritsy, M.C. and Levy, S.M.
(1997).  Fluoride concentrations of infant

foods. J Am Dent Assoc 128, 857–863.
10) Hinoide, M., Koga, H., Inoue, K., Imai, S.,

Takaesu, Y. and Nishizawa, T. (1992).  Modified
microdiffusion method of fluoride analysis
with a Teflon vessel. J Dent Hlth 42, 239–245.
(in Japanese)

11) Horowitz, H.S. (1991).  Appropriate uses
fluoride: Consideration for the ’90s summary.
J Public Health Dent 51, 60–63.

12) Howat, A.P. and Nunn, J.H. (1981).  Fluoride
level in milk formations. Br Dent J 19, 276–278.

13) Iizuka, Y. (1964).  Studies on fluoride from
hygienic standpoint of view, Report 2: Fluo-
ride contents in human teeth, in foodstuffs
and in public water supplies in Japan. Jpn J Hyg
19, 1–7. (in Japanese)

14) Imamura, E. (1981).  A Basis of Ablactation.
p.19, Ishiyaku Publishers, Inc., Tokyo. (in
Japanese)

15) Infante, P.F. (1975).  Dietary fluoride intake
from supplements and communal water sup-
plies. Am J Dis Child 129, 835–837.

16) Johnson, J., Jr. and Bawden, J.W. (1987).  The
fluoride content of infant formulas available
in 1985. Pediatr Dent 9, 33–37.

17) Jones, S. and Lennon, M. (1997).  Fluoridation.
In Community Oral Health. (C.M. Pine ed.),
pp.222–237, Reed Educational & Professional
Publishing, Oxford.

18) Kimura, T., Morita, M., Kinoshita, T., Tsuneishi,
M., Akagi, T., Yamashita, F. and Watanabe, T.
(2001).  Fluoride intake from food and drink
in Japanese children aged 1–6 years. Caries Res
35, 47–49.

19) Levy, S.M. (1994).  Review of fluoride expo-
sures and ingestion. Community Dent Oral
Epidemiol 22, 173–180.

20) Levy, S.M., Kohout, F.J., Kiritsy, M.C., Heilman,
J.R. and Wefel, J.S. (1995).  Infants’ fluoride
ingestion from water, supplements and denti-
frice. J Am Dent Assoc 126, 1625–1632.

21) Levy, S.M., Kohout, F.J., Guha-Chowdhury, N.,
Kiritsy, M.C., Heilman, J.R. and Wefel, J.S.
(1995).  Infants’ fluoride intake from drinking
water alone and from water added to formula,
beverages, and food. J Dent Res 74, 1399–1407.

22) Levy, S.M., Kiritsy, M.C. and Warren, J.J.
(1995).  Sources of fluoride intake in children.
J Public Health Dent 55, 39–52.

23) McClure, F.J. (1949).  Fluoride in foods
—Survey of recent data—. Public Health Reports
64, 1061–1074.

24) McClure, F.J., Mitchell, H.H., Hamilton, T.S.
and Kinser, C.A. (1945).  Balances of fluoride
ingested from various sources in food and
water by five young men. J Industrial and
Toxicology 27, 159–170.

25) McKnight-Hanes, M.C., Leverett, D.H., Adair,

INFANT FOODS AND DAILY FLUORIDE INTAKE



32

biological samples. Talanta 15, 1015–1023.
40) Taves, D.R. (1983).  Dietary intake fluoride

ashed (total fluoride) vs. unashed (inorganic
fluoride) analysis of individual foods. Br J Nutr
49, 295–301.

41) Tinanoff, N. and Mueller, B. (1978).  Fluoride
content in milk and formula for infants. J Dent
Child 45, 53–55.

42) Tomita, M., Sugimura, T., Koyama, M. and
Kaneko, Y. (1992).  Determination of total
and ionic fluoride in formula milk produced
in Japan. J Dent Hlth 42, 316–323. (in Japanese)

43) Tomomatsu, T., Suzuki, J., Nakazawa, K. and
Kimura, Y. (1976).  Hygienic study on fluorine
(III) Analysis of fluorine in foods and estima-
tion of dietary fluorine intake. Ann Rep Tokyo
Wetr Res Lab PH  27, 174–178. (in Japanese)

44) Tsunoda, H. and Kunita, H. (1973).  Fluorine
content of plants and animals. Pollution and
Policy 9, 613–619. (in Japanese)

45) Van Winkle, S., Levy, S.M., Kiritsy, M.C.,
Heilman, J.R., Wefel, J.S. and Marshall, T.
(1995).  Water and formula fluoride concen-
trations: Significance for infants fed formula.
Pediatr Dent 17, 305–310.

46) Watanabe, T., Tsubakida, N., Miyagi, M. and
Iwamoto, Y. (1989).  Fluorine in food; 1.
Determination of total fluoride in powdered
milk for babies. J Dent Hlth 38, 387–392. (in
Japanese)

47) World Health Organization (1969).  22nd
World Health Assembly adopted a resolution
which urged member states to introduce
fluoridation of community water supplies or
to adopt other methods of using fluorides for
the protection of oral health, WHO, 22: 30.

48) World Health Organization (1970).  Fluoride
and Human Health. World Health Organization
Monograph Series, No.59. WHO, Geneva.

49) World Health Organization (1994).  Fluoride
and Oral Health. WHO Technical Reports
No.846, Geneva.

50) Yates, A.A., Schlicker, S.A. and Suitor, C.W.
(1998).  Dietary reference intakes: The new
basis for recommendations for calcium and
related nutrients, B vitamins, and choline.
J Am Diet Assoc 98, 699–706.

Reprint requests to:
Dr. Hiroshi Koga
Department of Epidemiology and
Public Health,
Tokyo Dental College,
1-2-2 Masago, Mihama-ku,
Chiba 261-8502, Japan

T. TOMORI et al.

S.M. and Shields, C.P. (1988).  Fluoride con-
tents of infant formulas: Soy-based formulas as
a potential factor in dental fluorosis. Pediatr
Dent 10, 189–194.

26) Nagashima, A., Tanabe, Y., Enoki, T., Tomori,
T. and Takaesu, Y. (1989).  Composition and
fluoride content of commercially available
experimental diets for animals. J Dent Hlth 39,
2–8. (in Japanese)

27) Nishijima, M.T., Koga, H., Maki, Y. and
Takaesu, Y. (1993).  A comparison of daily
fluoride intakes from foods samples in Japan
and Brazil. Bull Tokyo dent Coll 34, 43–50.

28) Nishimura, T. and Endo, T. (1984).  An inves-
tigation on the food of infants from 3 months
to 17 months after birth in Matsue (Part 1);
Concerning the quantity of nutrient and food
intake. J Child Health 43, 57–65. (in Japanese)

29) Ophaug, R.H. and Singer, L. (1980).  Estimated
fluoride intake of 6-month-infants in four
dietary regions of United States. Am J Clin Nutr
33, 324–337.

30) Ophaug, R.H., Singer, L. and Harland, B.F.
(1985).  Dietary fluoride intake of 6 month
and 2 year old children in four dietary regions
of the United States. Am J Clin Nutr 42, 701–
707.

31) Ripa, L.W. (1991).  A critique of topical
fluoride methods (dentifrices, mouth-rinses,
operator-, and self-applied gels) in an era
decreased caries and increased fluorosis preva-
lence. J Public Health Dent 51, 23–41.

32) Saito, H. (1960).  Studies of fluorine content
in daily diets of Japanese adults. National
Defense Medical J  7, 313–325. (in Japanese)

33) Samejima, K. (1958).  Studies on dietary fluo-
ride intakes in Japan. J Dent Hlth 8, 37–45. (in
Japanese)

34) Silva, M. and Reynolds, E.C. (1996).  Fluoride
content of infant formulae in Australia. Aust
Dent J 41, 37–42.

35) Singer, L. and Ophaug, R. (1979).  Total fluo-
ride intake of infants. Pediatrics 63, 460–466.

36) Soejima, T. (1994).  A study of fluoride con-
tents in foods. J Dent Hlth 44, 342–353. (in
Japanese)

37) Subcommittee on the tenth edition of the
RDAs, Food and Nutrition Board Commission
on Life Sciences National Research Council
(1989).  Recommended Dietary Allowances 10th
ed., p.235, National Academy Press, Washing-
ton, D.C.

38) Taves, D.R. (1968).  Separation of fluoride by
rapid diffusion using hexamethyldisiloxane.
Talanta 15, 969–974.

39) Taves, D.R. (1968).  Determination of sub-
micromolar concentrations of fluoride in




