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Japan; **The Tokyo Metropolitan Research Laboratory of Public Health: 3-24-1,
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Mean concentration and daily intake of preservatives were estimated based on the results
of analysis of 112,131 samples of food obtained at official inspections by Japanese local
governments in fiscal year 1996. The mean concentration of benzoic acid was 7.8% of the
allowable limits, and those of dehydroacetic acid, p-hydroxybenzoic acid, propionic acid and
sorbic acid were 0.49%, 2.9%, 1.7% and 14.1%, respectively. Daily intakes of these preserva-
tives per person estimated from the concentrations and daily consumption of the foods were
11.0 mg, 0.0474 mg, 1.06 mg, 5.43 mg and 26.0 mg, respectively, and assuming a body weight
of 50 kg, these amounts of benzoic acid, p-hydroxybenzoic acid, and sorbic acid were 4.4%,
0.2% and 2.1% of the acceptable daily intakes, respectively. These values were similar to those

based on the results of the official inspection in fiscal year 1994.
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acetic acid; p-hydroxybenzoic acid ester; propionic acid; sorbic acid; official inspection

Introduction

Acceptable daily intakes (ADIs) of food addi-
tives have been established by the Joint FAO/
WHO Food Standard Programme! to ensure
that consumers can always confidently choose
healthy and enjoyable diets from a safe and
varied food supply. Estimation of the daily in-
take of food additives, especially in comparison
with ADI, is very important to ensure public
health. Repeated studies are necessary to obtain

* Concentration of Food Additives in Foods and the
Daily Intake in Japan (Report No. 5) [Report No. 4
was entitled “Evaluation of the Contents of BHA,
BHT, Propylene Glycol, and Sodium Saccharin in
Foods and Estimation of Daily Intake Based on the
Results of Official Inspection in Japan in Fiscal
Year 1994”, published in this Journal, 39, 89-100
(1998).]

better estimates.

Estimates of the daily intake of 16 food addi-
tives based on the results of official inspection in
Japan in fiscal year 1994 have been reported?®,
We repeated the same surveillance study on the
same 16 food additives based on the results of
official inspection in fiscal year 1996. In the
present study, we estimated the mean concen-
trations of five preservatives, benzoic acid, de-
hydroacetic acid, p-hydroxybenzoic acid, propi-
onic acid, and sorbic acid in processed foods,
and deduced the daily intakes of these preserva-
tives per person from the mean concentration
and amounts of foods consumed.

Methods

The methods used were the same as those
previously described?®, but this time the new
official inspection results obtained in fiscal year
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Table 1.
Samples Inspected

Number of Local Governments that Performed Inspection of Preservatives and Number of Food

Number of local

Sample number

Preservative
governments Domestic Imported Total

Benzoic acid 90 24,517 3,755 28,272
Dehydroacetic acid 64 19,303 3,310 22,613
p-Hydroxybenzoic acid 81 16,320 2,579 18,899
Propionic acid 47 569 258 827
Sorbic acid 98 37,497 4,023 41,520

Total 99 98,206 13,925 112,131

1996 were used.

1. Investigation methods and items studied

a) Questionnaire

A questionnaire concerning the results of
official inspections for food additives from April
1, 1996 to March 31, 1997 (Japanese fiscal year
1996) was sent by the Division of Food Chemis-
try, Ministry of Health and Welfare of Japan” to
all 108 local governments which are obliged to
establish public health centers by the Regional
Public Health Law.

b) Items queried

The following preservatives were investigat-
ed in this study: benzoic acid (benzoic acid and
sodium benzoate), dehydroacetic acid (sodium
dehydroacetate), p-hydroxybenzoic acid (ethyl,
propyl, i-propyl, butyl, and i-butyl esters of p-
hydroxybenzoic acid), propionic acid (propionic
acid, calcium propionate, and sodium pro-
pionate), and sorbic acid (sorbic acid and potassi-
um sorbate). Substances in the above parenthe-
ses are permitted to be used as preservatives in
Japan. The concentrations of p-hydroxybenzoic
acid esters are represented as p-hydroxybenzoic
acid, and the concentrations of other preserva-
tives are represented as free acid, in accordance
with the Japanese Standards for Use of Food
Additives®. The names of both imported and
domestic foods, the numbers of food samples
inspected, the numbers of samples in which
these preservatives were detected, the maxi-
mum, minimum, and mean concentrations in the
samples in which they were detected, and the
detection limit of the analysis for each preserva-
tive were recorded.

¢) Sampling of foods and methods of deter-
mining preservatives

In accordance with the annual program of
each local government, samples were chosen by
food inspectors in markets or factories manufac-
turing food products. The GC method was use
to analyze propionic acid® and HPLC methods
for other preservatives!?, as required by the
Environmental Health Bureau of the Ministry of
Health and Welfare.

2. Analyses of reports from the local governments

Data sent from the local governments were
classified according to the categories of foods in
the standards for use of food additives®. Foods
in which these compounds are not allowed to be
used were categorized according to the Guide
for Categorization of Food!'!. Concentrations of
these preservatives were regarded as 0 mg/kg,
as in previous papers®®, when they were not
detected.

3. Calculations and estimation of daily intake
The daily intakes of the preservatives per
person were estimated based on the mean con-
centrations of these preservatives in all foods
including nonpermissible foods obtained in the
present study and the daily food consumption
levels reported by the Investigation Group of
the Daily Intake of Food Additives in Japan
(Japanese group)!?. The consumption of foods
in the fiscal year 1996 was assumed to be the
same as that in the previous paper®. When the
consumption level of a food was unknown, 0.1 g
was assumed to be the daily consumption per
person, as described in previous papers.?®
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Results

1. Questionnaire return and number of samples

One hundred local governments out of the 108
local governments (92.6%), i.e., 43 prefectures,
34 cities, and 23 wards, representing most of
Japan, replied to the questionnaire. Preserva-
tives were inspected by 99 governments (99.0%
of the 100 local governments replied). Inspec-
tion for benzoic acid was performed by 90 local
governments, for dehydroacetic acid by 64 local
governments, for p-hydroxybenzoic acid by 81
local governments, for propionic acid by 47 local
governments, and for sorbic acid by 98 local
governments. The total number of food samples
inspected for these preservatives was 112,131,
of which 98,206 were samples of domestic food.
The total sample number in 1996 was 1.5 times
that in 1994 (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 in
Japan and large numbers of samples were
tested.

2. Concentrations of preservatives in foods

Preservatives were detected in 16,660 (14.99%)
of the total of 112,131 food samples.

a) Benzoic acid

Benzoic acid was detected in 1,345 (4.8%) out
of the 28,272 samples tested (Table 2). The
mean concentration of benzoic acid was 7.8% of
the allowable limit according to the Food Sani-
tation Law®. No benzoic acid was detected in
margarine (30 samples), which is one of the
foods in which benzoic acid is allowed. Benzoic
acid was detected in 586 (2.3%) out of 25,430
samples in which the compound is not allowed
to be used (nonpermissible foods), such as milk
products (14.5% of samples inspected), season-
ings (14.0%), health foods (12.1%), dried fruits
(8.2%), and other foods. Some local govern-
ments did not break down nonpermissible foods
in which preservatives was detected. In this
case, foods are not shown in the list of the
breakdown in tables. Milk products'®!% and
dried fruits!¥!® are known to contain naturally
occurring benzoic acid. Benzoic acid in some
seasonings may have been carried over from soy
sauce which is one of the allowable foods.

b) Dehydroacetic acid

Dehydroacetic acid was detected in 16 out of
the 22,613 samples tested (0.1%) (Table 3). The
compound was detected only in cheese (14 out
of 510 samples, 2.7%) among allowable foods.
The mean concentration in cheese was 0.0060
g/kg, and was 1.2% of the allowable limit (0.50
g/kg). Dehydroacetic acid was detected at a
concentration of 0.87 g/kg in 2 samples (0.1%)
out of 2,829 samples of confectionery (“kashi”), a
food in which sodium dehydroacetate is not al-
lowed to be used, and the mean concentration
was 0.000615 g/kg in all samples of confection-
ery.

c) p-Hydroxybenzoic acid esters

Ethyl, propyl, i-propyl, butyl, and i-butyl
esters of p-hydroxybenzoic acid are allowed as
food additives in Japan®, and the limits of these
esters are regulated as the total amount of p-
hydroxybenzoic acid. All results in the present
paper are reported as the total amount of p-
hydroxybenzoic acid, in accordance with the
regulation.

p-Hydroxybenzoic acid was detected in 652
(3.49%) out of the 18,899 samples tested (Table 4).
The mean concentration in all foods in which
the esters of the compounds are allowed to be
used was 3.2% of the limits. The highest detec-
tion rate (47.9%) was observed in soy sauce, and
the mean concentration in all tested soy sauce
samples was also the highest: 0.0301 g/kg. This
concentration corresponded to 12.1% of the per-
missible limit. p-Hydroxybenzoic acid was de-
tected in 16 out of the 16,189 samples (0.1%) of
foods in which the esters are not allowed to be
used, and the mean concentration was 0.000063
g/kg. Most foods in which p-hydroxybenzoic
acid was detected were seasoned with soy sauce.

d) Propionic acid

Propionic acid was determined in 827 foods in
fiscal year 1996. The number of inspected sam-
ples was about 1/20 or less than those for other
preservatives in the present study. Propionic
acid was detected in 59 samples (7.1%) (Table 5).
The highest detection rate (11.5%) among per-
missible foods was found in bread. Bread was
also the highest in mean concentration (0.0641
g/kg) and ratio to the permissible limit (2.6%).
The mean concentration of propionic acid in all
foods in which propionic acid is allowed to be
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Table 7. Estimated Daily Intake of Preservatives
Daily intake {mg/person)
ADI (mg)
Preservative Present Ratio to Reference values (as b0 kg
0 b.w.)
study  ADI (%) japan*! Finland*® Japan*® U.K** Japan*® France*®
Benzoic acid 11.0 44 110 40 4.20 489 24 174 250
Dehydroacetic acid 0.0474 0.0769 0.63 0.1
p-Hydroxybenzoic acid 1.06 0.2 1.37 0.18*¥ 035 0.1% 0.124% 500*7
Propionic acid 5.43 3.88 16.0 1.06 49 2.2 Not limited
Sorbic acid 26.0 2.1 329 37.0 33.18 294 275 158 1,250

*!I Based on the official inspection in fiscal year 1994%

*2
*3
%4
*5
*6
%7

Based on the production and usage amounts'®
Based on a market-basket method!? 17

Total of permissible esters

used was 1.7% of the limit. Propionic acid was
also detected in one sample each of frozen pizza
(among 3 samples), fish products (6 samples) and
seasonings (5 samples).

e) Sorbic acid

The results for sorbic acid are shown in Table
6. Sorbic acid was detected in 14,588 (35.1%)
out of 41,520 samples tested. The mean concen-
tration of sorbic acid in foods in which use of the
compound is allowed was 14.1% of the allow-
able limits. The highest detection rate (86.4%)
and concentration ratio (41.2%) to the allowable
limit were observed in smoked cuttlefish and
octopus. No sorbic acid was detected in the
following allowable foods: fermented milk (156
samples), fruit paste for making confectionery
(70 samples), syrup (31 samples). Sorbic acid was
detected in some nonpermissible foods (5.2% of
14,276 samples), such as nonpermissible pickled
foods (detection rate 31.6%), dried fruits other
than prunes (14.9%), and bread (14.8%).

3. Estimation of the daily intake of preservatives
per person

The daily intake of preservatives was es-
timated based on both the concentrations of
preservatives obtained in the present studies
and daily consumption of foods estimated by a
Japanese group!?. The group estimated that
767.9 g of processed foods was consumed per
person per day in Japan. Estimated daily intake
of preservatives is as follows: benzoic acid, 11.0

Based on the official analysis and data in journals
Based on the production and distribution amounts!®

16)

Based on a budget method (corrected values using information from industry)?®

mg; dehydroacetic acid, 0.0474 mg; p-hydroxy-
benzoic acid, 1.06 mg; propionic acid, 5.43 mg;
and sorbic acid, 26.0 mg. Foods contributed
most to the daily intake, followed by nonalco-
holic beverages (82.7% of daily intake) and soy
sauce (10.5%) for benzoic acid, confectionery
(56.7%) and cheese (43.3%) for dehydroacetic
acid, soy sauce (58.9%) and nonalcoholic bev-
erages (38.5%) for p-hydroxybenzoic acid, fish
products (41.2%) and bread (37.8%) for propion-
ic acid, and fish paste products (30.1%) and meat
products (16.9%) for sorbic acid. The estimated
daily intakes and foods that contributed to the
daily intake of preservatives in the present in-
vestigation were similar to the results obtained
in previous reports except for the detection of
propionic acid in some fish products. The es-
timated daily intake of preservatives is summa-
rized in Table 7 together with the results repor-
ted in the previous paper® based on the official
inspection in fiscal year 1994, reported in the
references!'? 1929 and the ADIs?.

The ratio of the daily intake of benzoic acid to
the ADI was the highest (4.4% of the ADI), and
those of sorbic acid and p-hydroxybenzoic acid
were 2.1% and 0.29%, respectively. The ADI of
propionic acid has not been limited, and that of
dehydroacetic acid has not been evaluated.

Discussion

The concentration of preservatives in foods
and estimated daily intake based on official in-
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spections by local governments in Japan in
fiscal year 1994 were reported?® earlier. The
same investigation was repeated employing the
same method but using the results of official
inspections in fiscal year 1996 instead, and sim-
ilar results were obtained. The concentrations
and estimated daily intake of preservatives re-
ported in the present paper include both over-
and underestimation factors, but are more likely
to be overestimated, as discussed in the previous
papers?¥. Daily intake of food additives has
been estimated by using the official analysis in
Finland'® (i.e. almost the same method as in the
present paper), by a market basket method in
Japan!® " and by a questionnaire on produc-
tion, circulation, and amounts used administer-
ed to food and food additive producers in the
UK'™ and in Japan'?, or by a budget method in
France?. Accumulation of results by different
methods and repetition of studies by the same
method are required to estimate more accurate-
ly the daily intake of food additives. There were
no marked differences in daily intake between
the results obtained by the present method in
fiscal year 1994 and fiscal year 1996, and be-
tween the results obtained by other methods,
except that an about 10 times higher amount of
p-hydroxybenzoic acid was estimated by the
present method, and an about 5 times higher
amount of sorbic acid was estimated in France
by a budget method. Estimated daily intakes
based on official inspection are probably gener-
ally higher than the results obtained by other
methods. The most influential cause of over-
estimation is probably that most of the sample
foods inspected were foods in which preserva-
tives are allowed and nonpermissible foods,
such as perishable foods, in which food produc-
ers may want to use preservatives.

Conclusion

Mean concentration and daily intake of pre-
servatives were estimated based on the results
of analysis of 112,131 samples of food obtained
by official inspection by Japanese local govern-
ments in fiscal year 1996. The mean concentra-
tion of benzoic acid was 7.8% of the allowable
limits, and those of dehydroacetic acid, p-
hydroxybenzoic acid, propionic acid and sorbic
acid were 0.49%, 3.2%, 1.7% and 14.1%, respec-

tively. The daily intake of these preservatives
per person estimated from their concentrations
and daily food consumption were 11.0 mg,
0.0474 mg, 1.06 mg, 543 mg and 26.0 mg, re-
spectively. The highest ratio of the daily intake
to the ADI was observed for benzoic acid (4.4%
of the ADI). These results were similar to the
results based on the official inspection results in
fiscal year 1994.
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