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Estimation of Inorganic Food Additive (Nitrite, Nitrate and
Sulfur Dioxide), Antioxidant (BHA and BHT), Processing
Agent (Propylene Glycol) and Sweetener (Sodium Saccharin)
Concentrations in Foods and Their Daily Intake Based on
Official Inspection Results in Japan in Fiscal Year 1998*

(Received November 8, 2002)
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The mean concentration and daily intake of inorganic food additives (nitrite, nitrate, and
sulfur dioxide), antioxidants (BHA and BHT), a processing agent (propylene glycol), and a
sweetener (sodium saccharin) were estimated based on the results of an analysis of 34,489 food
samples obtained in official inspections by 106 local governments in Japan in fiscal year 1998. The
ratios of mean concentrations of these seven food additives to each allowable limit were 20.0%,
53.9%, 15.5%, 6.2%, 0.4%, 18.59%, and 5.7%, respectively. The daily intakes of these food additives
estimated from their concentrations in foods and the daily consumption of foods were 0.205, 0.532,
431, 0.119, 0.109, 77.5, and 7.27 mg per person, respectively. These amounts were 6.8%, 0.3%,
12.3%, 0.56%, 0.7%, 6.2%, and 2.6% of the acceptable daily intake (ADI), respectively, when body
weight was assumed to be 50 kg. No remarkable differences in the daily intakes of these seven
food additives or the ratios to the ADI were observed compared with the results based on the
official inspections in fiscal years 1994 and 1996.

Key words:‘ food additive; daily intake; nitrite; nitrate; sulfur dioxide; BHA; BHT; propyl-
ene glycol; sodium saccharin; official inspection

Introduction

Estimates of the daily intake of 16 food additives
based on the results of official inspections in Japan in
fiscal years 1994 and 1996 have already been
reported' ?, We repeated the same surveillance study
on the same 16 food additives based on the results of
official inspections in fiscal year 1998, and reported the
estimates of the daily intake of five preservatives® and
four antifungal agents® in fiscal year 1998. In the
present study, we estimated the mean concentrations of
three inorganic food additives (nitrite, nitrate, and
sulfur dioxide), two antioxidants (butylated hydroxy-
anisole (BHA) and butylated hydroxytoluene (BHT)),
a processing agent (propylene glycol) and a sweetener
(sodium saccharin) in foods, and deduced the daily in-

* Concentration of Food Additives in Foods and the Daily
Intake in Japan (Report No. 11). [Report No. 10 was entitled
“Estimation of Concentrations of Antifungal‘ Agents Al-
lowed as Food Additives in Foods and Their Daily Intake
Based on Official Inspection Results in Japan in Fiscal Year
1998”, published in this Journal, 43, 49-56 (2002).]

takes of these seven food additives per person from the
mean concentrations and amounts of food consumed.

Methods

The methods used were the same as those described
previously®® but this time the results of new official
inspections performed in fiscal year 1998 and a food
consumption list reported by the Food Sanitation Inves-
tigation Council in 2000”7 were used.

1. Methods of investigation and items studied
a) Questionnaire

A questionnaire concerning the results of official in-
spections for food additives from April 1, 1998 to March
31, 1999 (Japanese fiscal year 1998) was sent by the
Division of Food Chemistry, Ministry of Health and
Welfare of Japan (present name: Standards Division,
Department of Food Sanitation, Ministry of Health,
Labour and Welfare)® to all 114 local governments that
are obliged to establish public health centers by the
Regional Public Health Law.
b) Items queried

The following food additives were investigated in
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this study: nitrite (sodium nitrite), nitrate (sodium ni-
trate and potassium nitrate), sulfur dioxide (sodium
sulfite, sodium hydrosulfite, sulfur dioxide, potassium
pyrosulfite, sodium pyrosulfite, potassium hydrogen
sulfite solution, and sodium hydrogen sulfite solution),
BHA, BHT, propylene glycol, and sodium saccharin
(saccharin and sodium saccharin). The substances in
parentheses above are permitted to be used as food
additives in Japan. The concentration of sulfites was
calculated as sulfur dioxide in accordance with Japan'’s
Specifications and Standards for Food Additives”. The
names of both imported and domestic foods, the num-
bers of food samples inspected, the numbers of samples
in which the above seven food additives were detected,
the maximum, minimum, and mean concentrations in
the samples in which they were detected, and the detec-
tion limit of the analysis for each food additive were
queried.
¢) Sampling of foods and analytical methods for food
additives

In accordance with the annual program of each local
government, samples were chosen by food inspectors in
markets or factories manufacturing food products. Ba-
sically, the following methods were used to determine
food additives as required by the Guide for Food Sanita-
tion Inspection!® by the Environmental Health Bureau
of the Ministry of Health and Welfare (present name:
Department of Food Sanitation, Ministry of Health,
Labour and Welfare): colorimetry for nitrite, col-
orimetry after reduction by cadmium column for ni-
trate, the alkaline titration method or colorimetry after
distillation for sulfur dioxide, HPLC for BHA and BHT,
GC for propylene glycol, and HPLC for sodium saccha-
rin.

2. Analyses of reports from local governments

Data sent back from the local governments were
classified according to the categories of foods in Japan'’s
Specifications and Standards for Food Additives?.
Foods in which these food additives are not allowed to
be used were categorized according to the Guide for
Categorization of Food!'!. As described in the previous
paper”, when the concentrations of these food additives
were below the detection limit, they were regarded as 0
mg/kg.

Table 1.

3. Calculations and estimation of daily intake

The daily intakes of these seven food additives per
person were estimated based on both the mean concen-
trations of these additives in all foods (including non-
permissible foods) obtained in the present study and the
daily food consumption levels reviewed in 2000 by the
Food Sanitation Investigation Counci'”, Ministry of
Health and Welfare. When the consumption level of a
kind of food was unknown, 0.01 g was applied as the
daily consumption per person, as described in the report
by the Council.

Results

1. Questionnaire returns and number of samples
Replies were obtained from 108 of the 114 local gov-
ernments (94.7%, i.e., 45 prefectures, 41 cities, and 22
wards), representing most of Japan. The seven food
additives relevant to the present paper were inspected
by 106 local governments (98.1% of the 108 local gov-
ernments which replied). Inspections were performed
for nitrite, nitrate, sulfur dioxide, BHA, BHT, propylene
glycol, and sodium saccharin by 100, 8, 96, 71, 73, 83,
and 92 local governments, respectively. The total
number of food samples inspected for these food addi-
tives was 34,489, of which 4,791 (13.9% of total sam-
ples) were samples of imported food (Table 1). The
results obtained in the present study were therefore
considered to be highly reliable, since inspection results
were received from most of the local governments coun-
trywide, and large numbers of samples were tested,
except for nitrate for which inspections of only 182
samples by 8 local governments were performed.

2. Concentrations of seven food additives tn foods

The relevant seven food additives, nitrite, nitrate,
sulfur dioxide, BHA, BHT, propylene glycol, and sodium
saccharin, were detected in 8,219 (23.8%) out of a total
of 34,489 food samples. Concentrations of each food
additive in foods were shown in Tables 2 to 8.
a) Nitrite

Nitrite was detected in 3,790 (75.7%) of 5,004 samples
tested (Table 2). The detection rate in the samples of
allowable foods (total of seven categories of foods in
Table 2) was 78.1%, and the mean concentration in
tested samples was 20.0% of the allowable residual

Number of Local Governments that Performed Inspections for Relevant Food

Additives and the Number of Food Samples Inspected

Food additives Number of local

Number of samples

governments Domestic Imported Total
Nitrite 100 4,741 263 5,004
Nitrate 8 182 16 198
Sulfur dioxide 96 5,636 1,925 7,461
Butylated hydroxyanisole 71 1,460 586 2,046
Butylated hydroxytoluene 73 1,481 592 2,073
Propylene glycol 83 2,446 20 2,466
Sodium saccharin 92 13,852 1,389 15,241
Total 106 29,698 4,791 34,489
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limits®. The highest detection rate, 88.9%, was ob-
served in whale meat bacon (8 out of 9 samples), and the
mean concentration in tested whale meat bacon was
0.0259 g/kg, 37.0% of the allowable limit (0.070 g/kg).
The concentration of nitrite in meat products (3,686
samples) was 0.0115 g/kg, corresponding to 16.5% of
the allowable limit (0.070 g/kg), and was almost the
same as those in fiscal years 1994!'? and 1996®. The
highest concentration ratio to the allowable limit
(83.0% of the limit, 0.0050 g/kg) was observed in salted
salmon ovary “sujiko”. Nitrite is known to be a natural
component, so low nitrite levels in foods are considered
to represent the natural component. Although 20 sam-
ples of confectionery were inspected and 0.020 g/kg of
nitrite was found in fiscal year 1996%, no confectionery
was inspected in fiscal year 1998. No nitrite was de-
tected in 4 samples of nonpermissible roe products,
4 samples of rice wine “sake”, etc.
b) Nitrate

Nitrate was detected in 116 out of 198 samples
(68.6%) (Table 3). The number of samples tested was
136 in fiscal year 1994'? and 209 in fiscal year 1996,
The detection rate in all foods in which the use of
nitrate is allowed was 62.0%, and the mean concentra-
tion in allowable samples was 53.9% of the allowable
residual limits. The mean concentration in 81 samples
of meat products was 0.0463 g/kg, corresponding to
66.2% of the limit (0.070 g/kg). Whale meat bacon was
not inspected in fiscal year 1998. Nitrate was detected
in 49 of 81 samples of processed marine products
(60.5%), in which the use of nitrate is not allowed, and
the mean concentration of tested samples was 0.0054 g/
kg.
c) Sulfur dioxide

Sulfur dioxide was detected in 1,828 of 7,461 samples
(24.5%) (Table 4). The detection rate of sulfur dioxide
in all allowable foods was 25.4%, and the mean concen-
tration in tested samples was 15.5% of the allowable
residual limits. The highest detection rate (97.9%, 46 of
47 samples), except that of molasses (100%, 1 of 1
sample), was observed in kon-jak flower, “kon'nyaku-
ko”, at a mean concentration of 0.405 g/kg correspond-
ing to 45.0% of the residual limit. Sulfur dioxide was
also detected in a high percentage of dried gourd strips,
“kampyo” (364 out of 380 samples, 95.8%), and wine
(463 of 522 samples, 88.7%), and the mean concentra-
tion in tested samples was 33.5% of the limit in the
former and 16.9% in the latter. Kon-jak flour is an
ingredient of devil's tongue, “kon’'nyaku”, and dried
gourd strips are eaten after rinsing with water and
boiling with bouillon of soy sauce. Then, the concentra-
tion of sulfur dioxide in cooked foods would be lower
than that of the ingredients. The detection rate in
“other foods” was 9.6% (detected in 470 of 4,890 sam-
ples tested), and the mean concentration was 0.004 g/
kg, corresponding to 15.0% of the limit (0.030 g/kg). No
sulfur dioxide was detected in the following allowable
foods; starch syrup, “mizuame”, (6 samples), candied
cherry (5), natural fruit juice (3), dried mashed potato

(2), and gelatin (2). Sesame (5 samples), beans (5), and
hops (2), in which the use of sulfur dioxide is prohibited,
were not found to contain sulfur dioxide.
d) BHA

BHA was detected in 188 (9.2%) of 2,046 samples
tested (Table 5). The detection rate in the tested sam-
ples in which BHA is allowed to be used was 17.4%, and
the mean concentration of BHA was 6.2% of the limits.
BHA was detected only in dried marine products among
allowable foods, and the detection rate was 20.8% (181
of 871 samples). The mean concentration in all tested
dried marine products was 0.0147 g/kg, and the con-
centration was 7.3% of the allowable limit (0.20 g/kg).
No BHA was detected in 132 samples of fats and oils
including margarine, 15 samples of butter, and 21 sam-
ples of frozen or salted marine products. Frozen whale
meat and dried mashed potato were not inspected in
fiscal year 1998. BHA in confectionery and processed
marine products, which are nonpermissible foods, may
be carried over from their ingredients because of their
low concentrations. BHA is not allowed to be used in
chewing gum in Japan, but it was found in 3 samples of
imported chewing gum. BHA was not detected in non-
permissible foods such as seasonings (87 samples),
frozen food (74), pre-cooked foods “sozai” (57), meat
products (40), and vegetable products (34).
e) BHT

The standard for the use of BHT is almost the same as
that of BHA, except that BHT is allowed to be used in
chewing gum®. BHT was detected in 27 (1.3%) of 2,073
samples tested. The detection ratio in all tested allow-
able foods was 1.8%, and the mean concentration was
0.4% of the limits (Table 6). BHT was detected in fats
and oils, dried marine products, and chewing gum; the
detection rates in the tested samples of these allowable
foods were 3.0%, 0.8%, and 61.5%, and mean concentra-
tions were 0.0020, 0.0006, and 0.0525 g/kg, respective-
ly. These concentrations were 1.0%, 0.3%, and 7.0% of
the limits. BHT was tested for 10 samples of frozen
marine products, 20 samples of butter, and 20 samples
of salted marine products, but was not detected. No
sample of frozen whale meat or dried mashed potato
was inspected in 1998. The mean concentration of BHT
in detected samples in confectionery, which is a non-
permissible food, was at almost the same level as that in
fats and oils. Pre-cooked foods “sozai” contributed
mainly (63.7%) to the total intake of BHT. No BHT was
detected in nonpermissible foods such as marine prod-
ucts (153 samples), seasonings (88), frozen food (74),
meat products (40), and vegetable products (33).
f) Propylene glycol

Propylene glycol is allowed in all processed foods. It
was detected in 802 (32.5%) of 2,466 samples tested
(Table 7). The mean concentration of propylene glycol
was 18.5% of the allowable limit. The highest detection
rate (38.6%) was observed in raw noodles (681 of 1,765
samples) except dried noodles (1 sample) and fats and
oils for noodle kneading (1 sample), and the concentra-
tion was 21.8% of the allowable limit (20 g/kg). No
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sample of chewing gum was inspected in 1998. In
“other foods”, propylene glycol was detected in boiled
noodles (21 of 238 samples, 8.8%), and the mean concen-
tration in all tested boiled noodles was 0.22 g/kg, corre-
sponding to 3.7% of the allowable limit (6.0 g/kg). A
dried noodle sample (1 of 1 sample) contained 5.00 g/kg,
corresponding to 83.3% of the limit (6.0 g/kg). No
propylene glycol was detected in smoked cuttlefish (54
samples), marine products (28), wine (6), etc.
g) Sodium saccharin

Sodium saccharin was detected in 1,468 (9.6%) of
15,241 samples tested (Table 8). The detection rate in
the tested samples in which sodium saccharin (includ-
ing saccharin) is allowed to be used was 11.8%, and the
mean concentration of sodium saccharin was 5.7% of
the allowable limit. The highest detection rate (81.3%)
was observed in nonalcoholic beverages consumed in a
5-fold or more dilution, the mean concentration in all
tested samples was 0.561 g/kg, and the concentration
was 37.4% of the allowable limit (1.5 g/kg). It was the
highest concentration ratio to the allowable limit,
though sodium saccharin is diluted to less than 0.11 g/
kg before intake. Sodium saccharin was not detected in
some allowable foods such as canned or bottled foods
(315 samples), jam (134), sweetened bean paste “an” (95),
and fermented milk (76). Saccharin was not detected in
5 samples of chewing gum in which saccharin, but not
sodium saccharin, is allowed. Sodium saccharin was
detected in 15 of 2,944 samples of nonpermissible foods,
namely 11 samples of 367 seasonings and 4 samples of
777 pre-cooked foods “sozai”. No sodium saccharin was
detected in the following nonpermissible foods: meat
products (627 samples), processed vegetables or fruits
(150), dry fruits (148), frozen foods (120), alcoholic bev-
erages (89), processed cereals (86), milk products (64),
etc.

3. Estimation of the daily intake per person

The estimated daily intakes based on the official in-
spection results in fiscal year 1998 are summarized in
Table 9, together with the results reported in previous
papers based on the official inspection in fiscal years
1994 and 1996%, those reported in comparative
references”™ '¥7® and the ADIs'?.

The estimated daily intake of the seven food addi-
tives per person was as follows: nitrite, 0.205 mg; ni-
trate, 0.532 mg; sulfur dioxide, 4.31 mg; BHA, 0.119 mg;
BHT, 0.109 mg; propylene glycol, 77.5 mg; and sodium
saccharin, 7.27 mg. These values are 6.8%, 0.3%, 12.3%,
0.56%, 0.7%, 6.2%, and 2.6%, respectively, of the ADIs
when body weight is assumed to be 50 kg. The present
results on the daily intake of these seven food additives
were similar to the results in fiscal years 1994" and
19962, and those of other reports!® 7, except for some
daily intakes which were estimated by the market-
basket method™ !®, Foods that contributed most to the
daily intake of these seven food additives were; meat
products which accounted for 65.8% of the daily intake
of nitrite, meat products which accounted for 43.8% of

nitrate, dried gourd strips “kampyo” which accounted
for 21.3% of sulfur dioxide, dried marine products
which accounted for 91.8% of BHA, pre-cooked foods
“sozai” which accounted for 53.7% of BHT, raw noodles
which accounted for 43.9% of propylene glycol, and soy
sauce which accounted for 35.8% of sodium saccharin.

Discussion

The estimated daily intakes of the seven food addi-
tives (nitrite, nitrate, sulfur dioxide, BHA, BHT, propyl-
ene glycol, and sodium saccharin) per person based on
the results of official inspections of 34,489 food samples
in fiscal year 1998 were 0.205, 0.532, 4.31, 0.119, 0.109,
77.5, and 7.27 mg, corresponding to 6.8%, 0.3%, 12.3%,
0.5%, 0.7%, 6.2%, and 2.6% of the ADIs, respectively.
These results were similar to those obtained in the
previous reports'” 2, indicating that the yearly trend of
the daily intake of these seven food additives is stable,
and that intake amounts have been maintained below
10% of the ADIs in most cases.

The estimated daily intake of nitrate was only 0.532
mg in the present study, but it has been reported as 289
mg in adults by the market-basket method”, and 190.8
mg in middle-aged men by the duplicate portion
method!®. The results obtained by the market-basket
method and the duplicate portion method include ni-
trate in vegetables but the estimation based on the
official inspection does not, because fresh vegetables
and vegetable products are not required to be inspected.
The nitrate found in this study would have been mainly
introduced as a food additive, because most of the sam-
ples tested were meat products and marine products.
The estimated intake of nitrate reported in Finland'®,
6.4 mg, was obtained from official analytical results, by
using a similar method to that used in the present
paper. The estimated daily intake of nitrate based on
the amount of production and usage was 1.3 mg in the
UK., and 0.251 mg in Japan!®. The amounts of ni-
trate estimated in 1994, 1996, and 1998 were closer to
the results obtained by the production and usage
amount method in Japan than those obtained by the
market-basket method and the duplicate portion
method. Nitrate intake estimated by the market-basket
method and the duplicate portion method may reflect
the total intake amount, and that by the present method
and the production and usage amount method may
mainly reflect the intake of nitrate as a food additive.

The UK estimated!? the daily intake of sulfur dioxide
at 92.7 mg per person based on the results of a prelimi-
nary surveillance of production amounts, and the esti-
mate was corrected to 18.4 mg per person based on the
determination in wine and some other foods. On the
other hand, results obtained by the market-basket
method in Japan were 0.057 mg'® or 0 mg” per person.
The daily intake of sulfur dioxide by the production
and usage amount method may be overestimated due to
decomposition during the processing and handling of
food, and that by the market-basket method may be
underestimated because of decomposition during prep-
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aration of the homogenates of many kinds of food. The
use of BHA and BHT is limited to a few kinds of food,
and the concentration was low. The daily intake of
BHA and BHT was estimated as 0 mg by the market-
basket method”, though their usage was found in dried
marine products, and fats and oils in the present study.
The results indicate that the present method is advanta-
geous to estimate the daily intake of food additives
used at low concentrations and in limited kinds of food.

The mean concentrations of food additives in foods
and estimated daily intakes of those food additives
reported in the present series of studies include both
over- and underestimation factors for the reasons de-
scribed below.

() Sampling in the official inspection is basically
done for foods in which food additives are permitted to
be used and nonpermissible foods in which food addi-
tives might be used. Therefore, if foods were chosen at
random for the inspection, the detection rates and the
mean concentration may be lower than the present
results.

(b) Foods containing excessive amounts of food ad-
ditives and nonpermissible foods in which a food addi-
tive has been used are excluded from markets by the
local governments. The present results include these
foods, which would be banned from sale.

(c) Concentrations of food additives in foods in
which they were not detected were calculated as 0 g/
kg. Some foods may contain small amounts of these
food additives naturally or by carryover at levels lower
than the detection limits.

Among these factors affecting the mean concentra-
tion of food additives, (a) and (b) may result in over-
estimation and (c) may be a cause of underestimation.
When non-detectable samples were presumed to con-
tain additives at the level of the detection limits, the
estimated daily intakes of four antifungal agents were
still less than 1% of the ADI?%. Factors (a) and (b) would
most strongly affect the results. It is therefore more
likely that the results obtained in the present series are
overestimated rather than underestimated.

In general, the daily intake of food additives is rela-
tively constant when the estimation is performed by
the same method, but the results given by other met-
hods sometimes differ. It is difficult to directly compare
the results of the present study with those obtained
using another method and those in other countries
because of differences in conditions for surveillance and
in dietary habits. However, the results shown in Table
9 will be extremely useful in understanding daily
intake levels of food additives to assure food safety.
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