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1,4-dihydroxyl-2-naphtoic acid (DHNA) is a bifidogenic growth stimulator from Propionibacterium
freudenreichii. According to a method described earlier, the peak area of DHNA measured by a high-per-
formance liquid chromatography (HPLC) gradually increases with repeated analyses of the same sample.
We hypothesized that the oxidizability of DHNA was the cause of poor precision. Therefore, we attempted
to develop an improved method using pi-dithiothreito] (DTT) as a mobile phase additive. A DHNA stan-
dard solution (5 pg/ml) was analyzed five times in a row by either the original or the improved method.
The relative standard deviation (R.S.D.) of the peak area was 37.0% and 1.6%, respectively. The linearity
of the improved method was confirmed in the range of 0.25-10 pg/ml (R® = 0.9998). These data indicate
that the addition of DTT to the mobile phase improves precision of the analysis of DHNA by HPLC.,

Keywords: 1,4-dihydroxyl-2-naphtoic acid (DHNA), HPLC analysis, dithiothreitol (DTT), mobile phase additive

Introduction

Bifidobacteria play important roles in enhancing diges-
tive health and preventing disease (reviewed by Picard et
al., 2005). Kaneko et al. (1994) have found that Propioni-
bacterium freudenreichii (P. freudenreichii) produced a
bifidogenic growth stimulator (BGS), which promoted the
specific growth of bifidobacteria. 1,4-Dihydroxy-2-naphthoic
acid (DHNA) is a major BGS found in the culture broth of P
freudenreichii ET-3 (Isawa et al., 2002). It has been reported
that ingested culture of P, freudenreichii ET-3 improves the
condition of the human intestine (Satomi et al, 1999; Hojo
et al, 2002).

In previous papers, a reversed-phase high performance
liquid chromatography (HPLC) method has been used to
quantify DHNA concentration (Isawa et al., 2002; Furuichi
et al., 2006). According to their method, we performed an
analysis of DHNA in food samples. However, we observed
poor precision, even in a series of analyses of exactly the
same sample; the peak area of DHNA of the same standard
solution was found to gradually increase with repeated

*To whom correspondence should be addressed.
Email: jtake@nih.go.jp
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analyses. Therefore, it is difficult to analyze DHNA con-
tents accurately by the previous method. For a reliable food
analysis, the accuracy and precision of measurement need
to be improved. DHNA is structurally similar to vitamin K
hydroquinone (Fig. 1). Vitamin K hydroquinone is known
to be readily oxidized to vitamin K (Bell, 1982; Jarabak and
Jarabak, 1995). In the same way, DHNA was easily oxidized
to a quinone form (Isawa et al., 2004). We hypothesized that
the oxidizability of DHNA was the cause of poor precision.
In this study, we described an improved HPLC method using
a mobile phase containing pi-dithiothreitol (DTT) as an anti-
oxidant.

coo.. :», c».

Vitamin K hydroguinone Vitamin K

Fig. 1. Chemical structure of DHNA, vitamin K hydroquinone and
vitamin K.



Materials and Methods

Apparatus A Shimadzu liquid chromatographic system
(Kyoto, Japan) consisting of an SCL-10A system control-
ler, LC-10AD pump, SPD-10A UV-vis spectrophotometric
detector, CTO-10A column oven, DGU-14A degasser and
C-R7A Chromatopac was used. Capcell pak C18 MG (4.6
i.d. x 150 mm, 5 pm, Shiseido fine chemicals, Tokyo, Japan)
with a guard column of Capcell pak C18 MG (4.6 i.d. x 35
mm, 5 pm) was used for both the original and improved
methods.

Chromatographic conditions of original method This
method followed the original method reported in previous
papers (Isawa et al., 2002; Furuichi et al, 2006). HPLC
conditions were: mobile phase, acetonitrile:methanol:wa-
ter:acetate (15:25:190:0.1, v/v/v/y, adjusted to pH 5.5 with
NH,OH), flow rate, 1.0 ml/min; temperature, 45°C; detection
wavelength: 254 nm. A concentrated solution (1000 ug/ml in
methanol) of DHNA (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) was freshly prepared. Standard solution of
DHNA (5 pg/ml) was prepared by diluting the concentrated
solution in methanol:0.5% (w/v) sodium ascorbate (Wako
Pure Chemical Industries, Ltd.) aqueous solution (1:1, v/v).
Twenty microliters of this standard solution kept on ice was
injected.

Improved chromatographic conditions HPLC conditions
were: mobile phase, methanol:water:acetic acid (50:49:1, v/
v/v) containing 50 mg/l DTT (Sigma, MO, USA); flow rate,
1.0 ml/min, temperature, 45°C; detection wavelength, 254
nm. The concentration of DTT was determined by prelimi-
nary experiments to be sufficient to inhibit pseudo-increases
in peak areas. Twenty microliters of standard solution kept
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on ice was injected.

Standard solution and calibration curve for improved
method Standard DHNA solutions of 0.25, 0.5, 1, 2, 5 and
10 pg/ml were prepared by diluting the concentrated solu-
tion (1000 pg/ml in methanol) with HPLC mobile phase, i.e.,
methanol:water:acetic acid (50:49:1, v/v/v), containing 50
mg/l DTT. A calibration curve was constructed by plotting
the peak area versus concentration, and slope along with the
intercept and correlation coefficients for the calibration curve
were determined. Each point was analyzed in triplicate.

Results and Discussion

A DHNA standard solution (5 pug/ml) was analyzed five
consecutive times by previously reported method (Isawa et
al., 2002; Furuichi et al, 2006). The peak area of DHNA
increased about three-fold during these analyses, and did not
yet reach a plateau (Fig. 2-A). The relative standard devia-
tion (R.S.D.) of the peak area was 37.0%. Thus, the original
method was not adequate for accurate determination. As
mentioned in the Introduction, DHNA is readily oxidized,
and so the standard solution used in the original method
contained ascorbate, which can prevent DHNA oxidation
(Hayashi and Yasuda, 2005). However, once it was injected
into the HPLC column, DHNA and ascorbate were sepa-
rated. We concluded that: 1) part of the DHNA is oxidized in
the column to give the peak area of DHNA that is less than
the actual value; 2) at the same time, some type of oxidizing
substrate in the column is consumed, and 3) with repeated
analyses, the peak area increases to the actual level accord-
ing to the decrease in oxidizing substrate in the column.

Therefore, we attempted to use a mobile phase containing
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Fig. 2. Repeated analysis of DHNA standard solution (5 ug/ml) using original method (A) and improved method (B).
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Fig. 3. Calibration curve of DHNA using improved method.

an antioxidant in order to prevent DHNA from oxidizing in
the column. Ascorbate was not suitable for this purpose, be-
cause ascorbate has strong absorption at the detection wave-
length (254 nm) and instability of ascorbate causes drift in
the chromatographic baseline. For this reason, we used DTT
as a relatively stable antioxidant with low absorbance at 254
nm. By using a DTT-containing mobile phase, reproducibil-
ity of the peak area of the standard solution was greatly im-
proved, and the R.S.D. of the peak area was 1.6% (Fig. 2-B).
The linearity of this improved method was evaluated by the
correlation coefficients (R%) of the calibration curve (Fig.
3). Linear curve fitting was applied to calculate the calibra-
tion curve in the range of 0.25-10 pg/ml. Excellent linearity
was obtained between the peak area (y) and the correspond-
ing concentrations (x). The R® of the calibration curve was
0.9998.

Sufficient accuracy and precision are necessary for reli-
able analysis. To analyze DHNA precisely, the reproducibil-
ity of the previous HPLC method was insufficient. We found
that DTT as a mobile phase additive greatly improved the
precision to perform accurate analysis. Addition of antioxi-
dants to a mobile phase appears to be one way of improving
the precision of analyses of easily oxidized compounds by
HPLC. This study represents the first step toward accurate
HPLC analysis of DHNA in foods. We validated the preci-
sion and linearity of our HPLC analytical method. The appli-
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cation of this method to food analysis is our next goal. Opti-
mization and validation of the method, including extraction
and pretreatment procedures, remain to be investigated.
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Summary This study was conducted to examine the characteristics and use of dietary
supplements by preschool children in Japan. A survey was conducted dmong 2,125 parents
of preschool children to discover the status of dietary supplement use and their attitudes
towards supplement use by their children. Logistic regression models were used to deter-
mine which characteristics predict supplement use in this population. For detailed charac-
terization, child supplement users were also categorized as either the users of vitamins and
minerals only or the users of other supplement components. For parents of non-user chil-
dren, the parent's knowledge and attitudes toward supplements for children were investi-
gated. Fifteen percent of children had used dietary supplements. Two parent-related factors
were especially important, the frequency with which they referred to nutritional labels and
their own supplement use, which had a significant encouraging effect on their children’s
supplement usc. The parents of child supplement users showed limited awareness of the gov-
ernment system concerning diet and food, placed safety over efficacy, selected products with
natural ingredients, and did not seek consultations with professionals. These parents, espe-
cially those who were aware of the specially designed supplements for children. exhibited
positive responses to supplement use by their children. It is likely that parents’ knowledge
and attitudes toward dietary supplements and nutrition have a striking effect on their chil-
dren’s use of supplements. Unfortunately, their knowledge at present was less than satisfac-
tory, More accurate information on nutrition, dietary intake and dietary supplements must

be disseminated.

Key Words dietary supplements, preschool children, Japan

Foods with health-promoting effects have been
increasingly desired in recent years, and dietary supple-
ments have been attracting attention in many countries
throughout the world. In Japan, the market for dietary
supplements has grown rapidly with the distribution of
numerous products (1, 2), but the environment sur-
rounding dietary supplements is not well-organized.
There is no clear definition of dictary supplements in
Japan, and individuals apply their own interpretation of
these products. However., it is understood that in gen-
eral the term “supplement” corresponds to what are
called dictary supplements in the United States.

The Japanese government regulates supplements and
functional foods in two categories (3). One is Food for
Specified Health Uses (FOSHU), and the other is Food
with Nutrient Function Claims (FNFC), which contains
vitamins and minerals that have accumulating scien-
tific evidence for their safety and efficacy as in the
Dietary Reference Intakes (4), and corresponds to

*To whom correspondence should be addressed.
E-mail: umegaki@nih.go.jp

dietary supplements in the United States. However.
most of the products on the market are neither FOSHU
nor ENFC and exist as general foods, without clear
monitoring of their number and usage, which often
contain ingredients that lack scientific evidence for
their safety and efficacy (5, 6). The Japan Health Food
and Nutrition Food Association, an organization that
represents the associated industries. has voluntarily
prepared safety standards to guarantee the quality of
such foods and places a JHFA (Japan Health Food
Authorization) mark on their products. Unfortunately,
the market for products with the JHFA mark seems to be
small,

The number of adult supplement users in Japan has
recently become larger and larger, as in the United
States and other developed countries (7-10). According
to recent studies in various areas of Japan, 55% of men
and 61% of women have used supplements (10}. The
purpose of their use was for health maintenance, nutri-
tional replenishment, beauty, and the prevention of ill-
ness. The respondents favored capsules and tablets;
obtained their information from television, the Internet,

317

45



318 SAT0 Y et al.

merchandize fliers. and family or relatives; and pur-
chased the supplements at pharmacies, drug stores, or
through the Internet {11-~14). Furthermore, the preva-
lence of supplement use is highest in the elderly;
women; and individuals with a lower BMI, greater
physical activity, a higher frequency of eating out, or
high stress levels (10, 15).

Supplements are enriched with specific components
such as vitamins, minerals, and other natural sub-
stances. The use of supplements would be beneficial for
supplementation of a substance when its dietary intake
is inadequate; however, adverse effects may be induced
due to inappropriate use, the use of substances with lit-
tle scientific evidence for their safety and efficacy, intake
for disease prevention/curing without consultation
with health prolessionals, and the use by high-risk-
groups such as children and pregnant women.

Children, especially young children, are more vulner-
able to the adverse effects of substances like dietary sup-
plements. Therefore. taking supplements should be con-
sidered high risk for young children. In addition, young
children are in the process of forming healthy dietary
habits, so reliance on supplements may result in a disre-
gard for the importance of healthy daily eating habits.
In the United States where the use of supplements by
adults became popular earlier than in Japan, it has been
reported that supplement use by children is common
and is being extended to infants (16-23). In those stud-
ies, it was shown that about 30 to 50% of children take
supplements and that the factors that affect their use
are families with higher incomes. only one child, or
dietary problems, parents with a high education level,
and parent’s use of supplements. However, it remains
unclear which factors enhance the use of supplements
by children.

It is anticipated that the use of supplements by chil-
dren will increase in Japan. However, there are no
reports on supplement use by young children in Japan.
Thus, in this study a questionnaire was administered to
observe the current status of supplement use and the
characteristics and factors that relate to the use of sup-
plements in preschool children.

SUBJECTS AND METHODS

Subjects. The subjects of the survey were 2,125 par-
ents of children attending 21 cooperating kindergar-
tens and day-care centers (7 kindergartens and 14 day-
care centers) located in 7 prefectures (Aomori, Yama-
gata, Ibaraki, Tochigi, Chiba, Saitama, and Kagawa)
from May through September 2007, In Japan, kinder-
gartens and day-care centers provide pre-school care
and educational services. The former are schools for
children 3 y of age or older where they are cared for, for
an average of 4 h a day. The latter are child welfare facil-
ities where infants and young children, even those
younger than 12 mo of age. are taken care of while
their parents are working. They are generally cared for
for 8 h a day, which may be adjusted to suit their par-
ents’ work schedules. Responses were obtained from
1.533 parents (effective recovery rate: 72.1%), among

46

which 96.5% were women, and 72.6% were in their
30s. Completion of the survey was considered informed
consent. This study was conducted with the approval of
the Research Ethics Committee of the National Institute
of Health and Nutrition of Japan.

Questionnaires. Our descriptive study used an anon-
ymous, sell-reported survey. The questionnaire was dis-
tributed at kindergartens and day-care centers.
Arrangements were made to have the sheets collected
at each kindergarten or day-care center and mailed to
the party conducting the survey. The questionnaire top-
ics were as [ollows.

The characteristics of the parents and their children
were obtained including: The parents’ sex and age (in
decades), the children’s age, number of siblings, birth
order, and social environment (kindergarten or day-
care center). Home Income and parent’s education level
were not investigated because we believe that such
questions would have decreased the recovery of
responses.

Parents’ and children's dietary supplement use: Con-
siderable confusion is unavoidable because there is no
set definition for dietary supplements in Japan. In the
current survey, they were defined as those food sub-
stances that were in a tablet, capsule, powder, granule,
exiract, or chewable tablet form, according to the defi-
nition similar to dietary supplements in the United
States. The use of supplements by parents and children
was defined by the following four categories: “daily
use,” “occasional use,” “past use,” and "have never
used.” Later in the study, the last category was renamed
the "supplement non-users” while the others were
grouped as “supplement users.”

Parents' attitudes towards diet: Using The National
Health and Nutrition Survey in Japan, 2004 (24), ques-
tions were posed on dietary problems and the desire for
improvement as an expression of the parents’ aware-
ness of the issues concerning their children’s diet. The
extent of the use of nutritional labels was used to inter-
pret the parents’ interest in diet. To assess their level of
knowledge about food, questions were asked about their
awareness of the standard dietary intake and the
dietary balance guide. This standard dietary intake
refers to the "Dietary Reference Intakes for Japanese,
2005” (4), which was formulated by the Ministry of
Health, Labour, and Welfare of Japan. This standard is
designed to show the optimum amounts of energy and
five types of nutrients for Japanese to consume accord-
ing to their gender and age to maintain and promote
their health, as well as to prevent energy and nutrient
deficiencies, life-style-related diseases, and disorders
due to excessive intake. The dietary balance guide (25)
was prepared by the Ministry of Health, Labour, and
Welfare and the Ministry of Agriculture, Forestry, and
Fisheries of Japan: it shows an ideal diet and estimates
the amounts of food to be consumed, with easy-to-
understand illustrations so that the Japanese popula-
tion will learn the basis of good eating habits.

The state of supplement use among children: The fol-
lowing topics were addressed with those children who
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Table 1. Logistic regression analysis ol characteristics associated with the number of children using supplements.

Children® Characteristic considered®
Characteristic Supplemlcm Supplement Odds g5
users* non-users p value . . p value
% (1) % (n) ratio CI

Total 15.0(228) 85.0(1,288;

Aged 4.38=1.0 4.16x1.3 <0.01 1.13 0.98-1.31 ns®

Number of siblings? 1.98x0.7 1.97£0.7 ns

Birth order ns
First 55.1{125) 55.0(705) 0.96 0.55-1.68 ns
Second 339077 34.3 (440} 0.87 0.49-1.53 ns
Third or later 11.0(25) 10.6 (136) 1.00

Social environment <0.01
Kindergarten 71.9 (164) 59.3 (764) 1.51 1.03-2.22 <0.05
Day care center 28.1 (64) 40.7 (524) 1.00

Arcal ns
Tohoku 41.2 (94) 42.3(545) 0.86 0.34-2.15 ns
Kita-Kanto 33.3(76) 33.9 (436) 1.04 0.43-2.53 ns
Kanto 21.1(48) 18.6 (239) 1.13 0.44-2.87 ns
Shikoku 4.4 (10) 5.3(68) ' 1.00

Sex of interviewed parents ns
Male 3.1(7) 2.6 (34) 2.07 0.80-5.32 ns
Female 96.9 (2203 97.4(1,253) 1.00

Age of parents ns
<30 9.7 (22) 13.8(178) 0.90 0.46-1.74 ns
30-39 74.0 (168) 72.5(932) 0.97 0.61-1.52 ns
=40 16.3(37) 13.7(176) 1.00

Dietary problems ns
Many 10.9 (24) 9.2(117) 1.66 0.93-2.94 ns
Some 63.3 (140) 62.3(789) 1.16 0.80-1.68 ns
Non 25.8(57) 28.5(361) 1.00

Desire Lo improve ns
Wish to improve 68.4 (154) 63.0 (800)
All right as [ am 24.0 (34} 24.3 (309)
Have not considered 7.6(17) 12,7 (161)

Use of nutritional labels <0.01
Always 13.2 (30) 7.9{102) 2.62 1.32-5.20 <0.01
Occasionally 51.8(118) 44.0 (566) 1.90 1.11-3.23 <0.03
Rarely 25.4 (38) 27.4 (352) 1.78 1.01 - 3.14 <0.05
Never 9.6{22) 20.7 (266} 1.00

Dietary reference intake ns
Aware of contents 17.4 (39) 18.8 (240) 0.74 0.41-1.34 ns
Have heard about it 69.6 (156) 65.9 (843) 1.11 0.69-1.79 1s
Do not know 12.9(29) 15.4(197) 1.00

Dietary balance guide ns
Aware of details 19.7 (44) 19.0(242)
Have heard aboul it 56.3(126) 55.7 (710)
Do not know 23.8(53) 25.3(323)

Parents' supplement use <0.01
Daily 24.0(53) 9.7 (120) 13.55 6.75 27.21 <0.01
Occasional 44.3 (98) 24.4({302) 9.61 5.00-18.49 <0.01
Past 26.2 (58) 35.3(437) 4.14 2.12-8.09 <0.01
Never 54(12) 30.6 (378} 1.00

#Categorical variables: p value calculated by x? test. Continuous variables: p value calculated by t-test. The missing values
were excluded.

b1,0gistic regression analysis.

“The users include “daily use,” “occasional use,” and “past use.”

dMean=SD,

“ns: not significant.

“Tohoku: Aomori and Yamagata, Kita-Kanto: Ibaraki and Tochigi, Kanto: Saitama and Chiba. Shikoku: Kagawa.
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use supplements: how old were they when they began
to take supplements, the types of ingredients in the sup-
plements {Vitamin/Mineral and others), the form of the
supplement. the purpose of their use. their source of
information, the place where the supplements were
purchased, what cautions were exercised when pur-
chasing the supplements, and their impression of the
effects of the supplement.

The attitudes of the parents of the non-supplement-
using children toward supplements: The following
questions concern those children who do not use sup-
plements: the extent of knowledge of the parent about
supplements that are specially prepared for children,
the age at which the use of supplements should be
approved, the probability of their future use, and their
attitude towards supplement use by children.

Statistical analysis. The characteristics of the users
of the children's supplements were compared against
those of the non-users. The children using the supple-
ments were divided into two groups: one that had expe-
rience of using only vitamins and minerals (the Vita-
min-Mineral group) and one that had experience of
using other components (the non-Vitamin-Mineral
group), and a comparison was made based on the sta-
tus of their use. To compare the parents’ attitudes
toward supplement use, those who did not give supple-
ments to their children were stratified by the extent of
their agreement with the concept of supplements for
children. For inter-group comparisons, a t-test was per-
formed for continuous variables, and the x* test was
used for categorical variables.

Logistic vegression was performed to determine
which factors {area. social environment, gender of the
parent, age of the parent. age of the child, birth order,
diel problems, use of nutritional labels, extent of aware-
ness of dietary reference intakes. or parent’s supple-
ment use) predicted children’s supplement use. These
factors did not show any correlation in an evaluation of
the multiple covariance among the tested variables.
using Spearman's rank correlation coefficient (y<0.4),
The data were analyzed using SPSS 15.0] for Windows
and HALBOU 7, and the level of significance was set at
p<0.05.

RESULTS

Supplement use in parents and their children

The experience of supplement use by children was as
follows: 2.1% {n=32) in the "daily use” group, 7.0%
(n=106) in the “occasional use" group, 5.9% (n=90)
in the “past use” group. and 85.0% {n=1,288) in the
“have never used” group. Similarly, the experience of
use by their parents was 11.8% {#=173) in the “daily
use” group. 27.5% (n=402) in the "occasional use”
group, 34.0% (n1=498) in the "past use” group, and
26.7% (n=391) in the "have never used” group. These
4 groups of supplement use were indicative of the pur-
chasing attitude of the parents: thus. the data were sub-
jected to the Kruskal-Wallis test. ‘The analysis revealed
no difference among the 3 groups of "daily use.” “occa-
sional use.” and "past use.” Accordingly. the 3 groups
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were designated as the "users” group and the "have
never used” group was designated as the “non-users”
group in the remaining part of the study.
Characteristics of dietary supplement users

Table 1 shows the characteristics of the children who
use supplements. No significant differences were noted
in terms of the number of their siblings, birth order.
place of residence, gender or age of the parents. How-
ever, the mean age in children was significantly higher
in the users than in the non-users (p<0.01). The pro-
portion of supplement users in kindergarten was also
significantly higher than that in day-care centers
(p<<0.01). In the parents’ evaluation of their children’'s
dietary habits and their desive to improve them. more
than half admitted to the existence of many or some
problems, and their wish to improve them. These par-
ents’ attitude, howéver, did not influence the children's
use of supplements. The reference to nutritional labels
by parents during dining out or food shopping was sig-
nificantly higher in the child users than in the non-
users (p<0.01). Less than 20% of parents were aware of
the Dietary Reference Intakes (4) and the Dietary Bal-
ance Guide (25), which provide basic information about
nutrition and diet and were established by the Japanese
government. Parents’ awareness of this basic knowl-
edge did not relate to the use of supplements by their
children. There was a significant (p<0.01) relationship
between parents' and children's supplement use.

Multivariate regression analysis revealed that three
characleristics were independent predictors of chil-
dren’s supplement use (Table 1). These included the
aftiliation of children, parents’ use of nuiritional labels,
and parents’ supplement use. In particular, the more
often the parent referred to nutritional labels and the
higher the amount of supplements the parents used, the
more frequently their children took dietary supple-
ments. The present study [aited to show any correlation
between birth order, the children’s age, the parents’
evaluation of their diet or their desire for improvement,

number

age

Fig. 1. Number and age of children that started using
supplements: a comparison of twao categories of supple-
ments. [5Vitamin-Mineral Supplement group: meant
SD=4.23%1.574y. ®#Non-Vitamin-Mineral Supple-
ment group: mean*SD=3.88%1.736y. t=1.464; p=
0.146.
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Table 2. Status of supplement use by children.
Vitamin-Mineral Non-Vitamin Mineral
Supplement group Supplement group p value®
% (n) % (1)
Total 67.5(154) 32.5(74)
Frequency of use nst
Past 43.5 (67) 31.1(23)
Occasional 45.5{70) 48.6 {36)
Daily 11.007 20.3 {15}
Dosage form®
Tablet 40.0 (58) 48.5(32) ns
Capsule 4.3 (6} 30.4 (21} <0.01
Powder 6.2 (9} 15911 <0.05
Granule 15.9(23) 11.6(8) ns
Extract 0.7 (1) (14 () ns
Chewable 35.2 {80) 43.5(30) ns
Purpose ol use*
Nutritional supplement 70.1(101) 57.4(39) ns
{iealth promotion 20.8 (30) 41.2 (28) <0.01
Disease prevention 12.3(18) 35.3(24) <0.01
Bady constitution 9.7 (14) 19.1{13) ns
Correcting constipation 7.6{(11) 4.4 (7) ns
Physical strength 4.9 (7) 8.8 (6) ns
Physical stamina 2.8(4) 5.9 (4) ns
Management of a chronic condition 1.4 (2) 2.9(2) ns
Observed/Noted at purchase®
JHFA® mark (as a quality certificate) 12.1(17) 6.0 (4) us
Ex{ensively marketed 8.5(12) 7.5(5) ns
Well-known manufacturer 24.1 (34) 14.9 (10) ns
Natural materials 33.3(47) 49.3 (33) <0.05
Inexpensive 18.4(26) 17.9(12) ns
Nutritional labels 41.8(59) 43.3(29) us
Without additives 35.5(50) 40.3 (27) ns
Non-allergenic 10.6 (15) 11.9(8) ns
Foods for Nutrient Function Claims 34.0 (48) 28.4(19) ns
Important points when purchasing ns
Efficacy 9.7 (14} 7.4(5)
Safety 88.2(127) 89.7 (61)
Neither 2.1(3) 2.91(2)
Consulted with:©
Pharmacist 11.8(17) 11.8(8) ns
Nutritionist 3.5(5) 1.5(1) ns
Physician 6.3 (9) 10.3(7) ns
Store clerk 15.3(22) 8.8 (6) ns
Pamily and relatives 17.4(25) 16.2{11) ns
Acquaintances and friends 17.4(25) 29.4 (20) <().05,
None 45.8 {66) 42,6 (29} ns
Precautions for use®
Obscrve specified quantity 74.3(107) 71.6 (48) ns
Do not take more than 2 types of supplements 11.8(17) 13.4(9) ns
Eat regular meals 59.0 (85) 58.2(39) ns
Nothing in particular 10.4 (15) 6.0 (4) ns
Pelt efficacy <0.05
Yes 37.9(53) 53.7(36)
No 62.1(87) 46.3(31)

p value calculated by x° test.
"ns: not significant.

¢Multiple answers allowed within the category (percentage of those who selected).
4THFA: Japan Health Food Authorization, which certifies the quality of health foods.
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Table 3. Attitude of parents of non-supplement-using children towards supplement use.
Awareness of supplements for children
Aware group Unaware group p value
% {n) % (n)
Total 30.5 (359) 69.5 (818)
Allowable age? 13.1+5.7 14.7+6.0 <(.01
Opinion of children's use® <001
Allowable 19.0(68) 12.1(98)
Only if absolutely necessary 70.3(251) 74,4 {603)
Should not be used at all 10.6(38) 13.6(110)
Possible to give own child® <0.01
Yes 44.6 {160) 32.2(263)
No 55.4(199)

"Mean=SD, p value calculated by t-test.
bp value calculated by x test.

and the children's experiences with supplement use.
Details of supplement use by children

Sixty-eight percent of child supplement users
(n=154) took vitamins and minerals only, and the
remaining (32.5%, n—~74) were users who had experi-
ence of non-Vitamin/Mineral supplements. The five
most reported non-Vitamin/Mineral supplements were
fish oil (44.6%), xylitol (10.8%), proteins (9.5%). herbs
(8.1%), and vinegar {(4.1%). More of the non-Vitamin/
Mineral group than the Vitamin/Mineral group had
started using supplements at one year old, but the
mean age at first use was similar in both groups (Fig. 1).

The details of supplement use by children were com-
pared with regard to the Vitamin/Mineral and non-
Vitamin/Mineral groups (Table 2). The [requency of
supplement use was most often described by both
groups as “occasional,” but a number of children
responded “daily.” The most frequently used forms of
supplements were chewable or ordinary tablets in both
groups. The capsules and powder forms were more pop-
ular in the non-Vitamin/Mineral group than in the
Vitamin/Mineral group. Many products used were
labeled "For children” or “May also be used by chil-
dren,” but some parents gave their children products
“that were identical to those prepared for adults”
(22.4%) or for which were “not certain about their suit-
ability for children” (3.3%). Nutritional supplementa-
tion was the most prevalent purpose given by both
groups. Unlike the Vitamin/Mineral group, health pro-
motion and prevention of diseases were also {requent
purposes given by those in the non-Vitamin/Mineral
group. There were no significant differences between
the two groups in the sources of information obtained;
the major sources of which were over the counter
(34.0%), acquaintances and friends (30.1%). and
newspapers and magazines (12.9%).

The products were purchased mainly at pharmacies
(41.7%) or via mail order (37.4%). Notable differences
between the two groups were as follows: the presence of
nutritional labels, the absence of food additives, and
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67.8(354)

foods with nutrient function claims (in descending
order) were noted by the Vitamin/Mineral group, while
the use of natural materials was frequently cited by
those in the non-Vitamin/Mineral group. At the time of
purchasing, both groups emphasized the importance of
salety (more than 80%).

In giving supplements to children. most parents did
not seek consultation from others, especially from
health professionals such as pharmacists, nutritionists,
or physicians. Any consultation, if it was sought, was
from family and relatives, acquaintances, and [riends,
which were more prevalent consultants in the non-
Vitamin/Mineral group than in the Vitamin/Mineral
group (p<<0.05). The precautions taken for use were
"Observe the specified quantity” for more than 70%,
and “Eat regular meals” for almost 60%. More parents
in the non-Vitamin/Mineral group than in the Vitamin/
Mineral group gained a feeling of the efficacy of the sup-
plement used (p<<0.05).

Attitude of parents of non-supplement-using children toward
supplement use

Among the parents whose children were supplement
non-users, 30.5% (n=359) were aware of the existence
of supplements that have been specially designed for
children. The former were designated as the “aware
group” and the latter as the “unaware group,” and
these categories were used for further analysis (Table 3).
The allowable age for using supplements ranged widely
(1 to 60 y), with the mean age being significantly higher
in the unaware group {p<<0.01). More parents in the
aware group than in the unaware group approved the
use of supplements by children (p<0.01) and stated
that they may give their children supplements in the
future (p<0.01).

DISCUSSION

Dietary supplements, which are specific enriched
components such as vitamins, minerals, and other nat-
ural substances, have received great attention world-
wide. Such supplements allow the easy intake of a spe-
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cific substance. but adverse effects may occur in cases of
inappropriate use, especially in such use by young chil-
dren, who are one of the high-risk-groups and therefore
are more susceptible to adverse reactions. So far, there
have been no reports on supplement use by preschool
children in Japan. Thus, a survey was conducted in the
present study to clarify the factors and characteristics
related to the use of supplements among the children in
7 prefectures.

The present research has several inherent limita-
tions. The subjects of this study did not represent the
population of the eutire country; thus, the results can-
nol be applied to the Japanese population as a whole.
All of our data were self-reported. leading to the possi-
bility that the respondents may have misreported some
data. Furthermore, the survey is cross-sectional and
does not allow for causal inferences. Finally, because of
constraints related to respondent burden, we were
unable to collect information about the parent’s educa-
tion and income. However, to our knowledge, this is the
first veport to observe supplement use in preschool chil-
dren in Japan, and the results provide important infor-
mation about how we can face problems related to the
use of supplements by children.

As Table 1 shows, the prevalence of supplement use
was 15% among young children up to the age of 6y,
indicating that the supplement use among young Japa-
nese children is not as prevalent as in the United States
(17, 20, 22, 26-28). Therc are supplements that have
been specially designed for children, but 69% of the par-
ents of the supplement non-user children were unaware
of the existence of such supplements. Therefore, the
lack of awareness of children's supplements may be one
reason for the low prevalence of children's supplement
use in this survey. The supplement use by adults in the
United States has been increasing (19, 29- 31) and sim-
ilar trends, although somewhat delayed, have been
observed in Japan (7-9). The parents who were aware
of the existence of children's supplements generally dis-
played an affirmative approach to children’s supple-
ment use. Such attitudes were evident in setting a low
minimum age at which they started using supplements
and in showing a strong likelthood to provide their chil-
dren with supplements. Accordingly, it is expected that
children’s supplement use will expand in the future
along with growing awareness of the existence of chil-
dren's supplements, and use by babies and cases of
addiction might be expected to occur as well.

In the present study, it was found that three factors
are related to the promotion of supplement use by chil-
dren (Table 1). These included the affiliation of the chil-
dren (kindergartens versus day-care center), nutritional
label use by parents, and parents’ supplement use. In
particular, parents who used supplements on a daily
basis were 14 times more likely to give supplements to
their children than the parents who did not use them.
This observation coincided well with previous reports
from the United States {20, 32, 33), indicating that the
effect of the parents’ history of supplement use is
marked. These findings were expected because children
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cannot decide about the use of supplements by them-
selves; therefore, children’s supplement intakes are
totally dependent on their parents’ action.

Those parents who spent move time with their chil-
dren (who attended kindergartens only for a short time)
and those parents who referred to nutritional labels in
selecting food were more likely to give their children
supplements, These results are similar to the results of
previous studies (32, 34), suggesting that the level of
parents’ interest towards nutritional balance, diet, and
the welfare of their children relate to the use of supple-
ments by their children. The parents’ interest or sense
of responsibility, rather than their pursuit of a way to
take in nutrients, may lead to them supplying supple-
ments to their children.

This questionnaire revealed two problems: the use of
non-vitamin/mineral supplements and misunderstand-
ings about the use of supplements by parents. Supple-
ments should be used to supply ingredients that are in
short supply in everyday meals, If the substances are
vitamins and minerals. the evaluation of potential
shortages can be made properly in general, because
many of the nutrients have the adequate intake level
and upper limit as the Dietary Reference Intakes (4) and
are permitted to be labeled as Nutrient Function Claims
(FNFC) by the Japanese government (3). On the other
hand, the ingredients of non-Vitamin/Mineral often
have poor evidence for their efficacy or safety and
require particular care in their use. Thus. we divided
the supplements into two categories (Vitamin/Mineral
versus others ingredients) to analyze this survey. As a
result, 32.5% of the child supplement users had experi-
ence in taking supplements that consisted of non-Vita-
min/Mineral ingredients. The number of Non-Vitamin/
Mineral users in Japan is slightly higher than in the
United States, where about 80% of the child supplement
users take supplements containing Vitamin/Minerals. It
should be pointed out that some children also use
herbal supplements (8.1%). Generally, the efficacy and
safety of such herbs are not tested in children, and the
intake of herbs by children may induce adversc reac-
tions. In fact, attention has been drawn to the use of
herbs both by adults and children because of safety
issues {33, 35).

An excessive expectation and misunderstanding of
dictary supplements by parents were suggested in this
study. In purchasing supplements for children, parents
confirmed the presence of nutritional labels and consid-
ered safety more seriously than efficacy, indicating that
they have a strong desire to select safe products for their
children. Nevertheless, these parents tended to select
products with a natural source so as to avoid additives,
while ignoring quality assurance guarantees such as
the JHEA mark, which is an assurance of the quality of
the products issued by the Japan Health Food and
Nutrition Food Association. Consistent with a report in
the United States (36), the use of supplements by Japa-
nese children was based not on the advice of specialists
but more frequently on consultation with friends and
acquaintances. Furthermore, the parents who used the

51



324

non-Vitamins/Mineral supplements were characterized
by their intention to promote health and prevent dis-
ease.

This phenomenon might be related to the flood of
information available in the mass media. Mass media
information is sometimes exaggerated, but is neverthe-
less perceived as truth by consumers, and therefore
greatly influences supplement use and feeding behavior
(37). In the present study, less than 20% of parents
were aware of Dietary Reference Intakes (4), the dietary
guidelines for Japanese, but considered the labels of
foods that made nutrient claims related to the required
amount and the health effects of certain vitamins and
minerals for Japanese (3). These results show that par-
ents cannot obtain proper knowledge about food and
nutrition and the government systems related to nutri-
tional labeling due to the poor communication system
between consumers and professionals, and due to the
flood of information released from the mass media.

The present findings indicate the existence of the
same factors and characteristics related to the use of
supplements among young children between Japan and
the United States, although the culture. dietary habits,
and governmental regulation systems are not the same.
Some reports suggest thal excessive nutrient intake or
premature use of supplements is a health risk (22, 27),
and other reports describe a lack of difference in nutri-
ent intake from food between those children using and
not using supplements (22, 32). In children who are
still in the process of forming healthy dietary habits and
are growing rapidly, reliance on supplements may
result in a disregard for the importance of healthy daily
eating haubits. Easy use of supplements nay be an obsta-
cle for children to establishing a healthy diet in the
future. Taken together, it is critical to give parents cor-
rect information relating to diet and nutrition, the
importance of a balanced diet for children, and the food
labeling system, With those individuals in mind. infor-
mation on expanding the range of the study subjects
with the characteristics of the daily or long term use
and information on parents in relation to supplements
and nutrition should be investigated in depth so that an
appropriate response to supplement use can be formu-
lated.
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4{ Ingredient quality and evidence of safety and effectiveness in health foods ‘
‘ Keizo Umegaki '
National Institute of Health and Nutrition i

¥

The most important problem of so-called health foods, which are sometimes consumed '
like medicine to prevent diseases but are legally classified d4s food, would be the inconsistent
quality of ingredients and end-products. The quality of ingredients is extremely important for
determining the effectiveness and the safety of the end-product. For quality control of the
ingredients, it is necessary to specify the active substances that influence the safety and i
health-promoting effects. Clarification of these substances will contribute to the development
of analytical methods, evaluation of the absorption and metabolism of the substances,
manufacturing of end-products with high quality, construction of a quality control system for
the commercial end-products, and accumulation and elucidation of experimental data that are
obtained at various laboratories. Here, the importance of ingredient quality is introduced
based on data that obtained using ginkgo biloba extract, turmeric and tea catechins.

Key words: health food, ingredient quality, ginkgo biloba extract, turmeric and tea catechins.
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