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3.2. Estimation of daily intake of hydrophilic antioxidants from
vegetables and fruits in Japan

On average, the “typical vegetable” and “typical fruit”
consumed in Japan were estimated to contain hydrophilic
antioxidants that are equivalent to 6.95 and 12.23 pmol of Trolox
per g, respectively. In the recent National Health and Nutrition
Survey in Japan (Ministry of Health, Labour and Welfare, Japan),
daily intakes of vegetables (including vegetables, potatoes, pulses,
and mushrooms) and fruits for adults (>20 years old) were 427 and
119 g/d, respectively, on the 5-year average (2004-2008). From
these data, daily intake of hydrophilic antioxidants was estimated
to be 4423 pmolTE/d (2967 pmol TE from vegetables and
1456 pmol TE from fruits). On the other hand, the Japanese
government recommends consumption of at least 350g of
vegetables per day (Health Japan 21 (Udagawa et al., 2008))
and 2 servings (ca. 200 g) of fruit per day (Japanese Food Guide
Spinning Top (Yoshiike et al., 2007)). Hence, if 350 g/d of “typical
vegetable” and 200 g/d of “typical fruit” are consumed, 4879 p.mol
TE/d of hydrophilic antioxidants (2432 pmol TE from vegetables
and 2447 pmol TE from fruits) would be ingested.

In this way, the daily intake of hydrophilic antioxidants from
vegetables and fruits was estimated to be 4423 p.mol TE/d in Japan
based on the data of the National Health and Nutrition Survey. This
value is about 10% lower than the value based on the government
recommendations. However, it should be emphasized here that
this does not mean a deficiency of hydrophilic antioxidants in
Japan, because hydrophilic antioxidants are contained in other
foods, such as tea beverages and soy foods, that are consumed
frequently in Japan. Also, it is unclear whether 4423 pumol TE of
hydrophilic antioxidants from vegetables and fruits is “not
enough” or “just enough” to maintain health. Further accumula-
tion of experimental data as well as epidemiological studies are
required to clarify the appropriate daily AOC intake.

3.3. Relationships of H-ORAC values with polyphenol contents and
DPPH radical scavenging capacities of vegetables and fruits

Since polyphenolic compounds contained in vegetables and
fruits appeared to be major contributors to H-ORAC, the
relationship between H-ORAC values and polyphenol contents
was investigated. It was found that H-ORAC values for the
vegetables and fruits had a strong positive correlation with
polyphenol contents (r=0.956, Fig. 1), suggesting that the
antioxidative activities of the vegetables and fruits evaluated
result mainly from their contained polyphenolic compounds. Wu
et al. (2004a) reported that there was a strong positive correlation
between H-ORAC values and polyphenol contents in vegetables
and fruits, in accordance with our results, though the correlation
was not high in all of the foods analyzed (including vegetables,
fruits, nuts, spices and grain-based foods). The averaged values of
polyphenolic contents of the vegetables and fruits are shown in
Tables 1 and 2 (the full results are shown in Tables S1 and S2 in
Supplementary data). The weighted average of polyphenol
contents for “typical vegetable” and “typical fruit” were calculated
to be 0.43 and 0.75 mg GAE/g, respectively, and the estimated daily
intake of polyphenolic compounds would be 272 mg GAE/d
(183 mg GAE from vegetables and 89 mg GAE from fruits) in
Japan based on the data of the National Health and Nutrition
Survey.

The DPPH assay is an in vitro assay widely used to measure
AOC for foods (Prior et al., 2005). To evaluate the comparability
between the H-ORAC assay and the DPPH assay, the relationship
between H-ORAC and DPPH radical scavenging capacities was
also investigated. It was found that H-ORAC values for the
vegetables and fruits had a positive correlation with DPPH radical
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Fig. 1. Relationship between H-ORAC value and polyphenol content of vegetables
and fruits commonly consumed in Japan.

Closed circle: vegetable; open circle: fruit; solid line: regression line. The
correlation was calculated by using a Pearson product moment correlation
coefficient (7).

scavenging capacities (r = 0.894, Fig. 2), but the results of the H-
ORAC assay were 1.0-18.2-times higher than the results of the
DPPH assay. This large variance in the ratio between two values
made it impossible to estimate the H-ORAC values of foods from
the results of the DPPH assay (and perhaps other antioxidant
assays). The average values of the DPPH assay of the vegetables
and fruits are shown in Tables 1 and 2 (the full results are shown
in Tables S3 and S4 in Supplementary data). The weighted
average of DPPH radical scavenging capacities for “typical
vegetable” and “typical fruit” were calculated to be 1.56 and
3.67 pmol TE/g, respectively.

3.4. Comparison of the results of the present study with results of
previous studies

The H-ORAC values obtained in this study were roughly
consistent with the H-ORAC values reported by the United States

70 1

H-ORAC (umol TE/g)

DPPH (umol TE/g)

Fig. 2. Relationship between H-ORAC and DPPH values of vegetables and fruits
commonly consumed in Japan.

Closed circle: vegetable; open circle: fruit; solid line: regression line; dotted line:
y=x. The correlation was calculated by using a Pearson product moment
correlation coefficient (r).
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Fig. 3. Comparison of H-ORAC values in this study with those reported by USDA.
Closed circle: vegetable; open circle: fruit; solid line: regression line; dotted line:
y=x. The correlation was calculated by using a Pearson product moment
correlation coefficient (r).

Department of Agriculture (USDA) (published on the web: http://
www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/ORAC/
ORAC_R2.pdf: accessed December 2011) (r=0.696, Fig. 3). How-
ever, some foods, including radish, eggplant, pear and grape,
showed large differences in H-ORAC values between Japan and the
USA. This may be due to difference in cultivars on the market-
places. In addition, some foods commonly consumed in Japan, such
as Chinese cabbage, Welsh onion, edible burdock, Edamame,
shiitake mushroom, East Indian lotus root, bamboo shoot and
Japanese persimmon, are not included in the USDA's ORAC
database. Of them, edible burdock and East Indian lotus root are
rarely eaten as regular dietary components in countries other than
Japan, but they appear to be major contributors to daily
hydrophilic AOC intake in Japan (Table 1). Hence, a suitable ORAC
database for foods consumed in Japan should be established for
accurate estimation of AOC intake in the Japanese population.

There have been several reports on daily AOC intake (Chun
et al., 2005; Pellegrini et al., 2007; Rautiainen et al., 2008; Wu
et al,, 2004a; Yang et al., 2011). Wu et al. (2004a) calculated H-
ORAC intake from vegetables and fruits in the USA to be
5558 wmol TE/d (2385 wmol TE/d from vegetables and
3174 p.mol TE/d from fruits). Rautiainen et al. (2008) estimated
the total ORAC (H-ORAC + L-ORAC) intake from vegetables and
fruits in Sweden to be 6523 pmol TE/d. These values are generally
in accordance with the value estimated in the present study
(4423 pmol TE/d). Daily AOC intake was also estimated in other
studies (Chun et al.,2005; Pellegrini et al.,2007; Yang et al.,2011),
but antioxidant databases used in those study were not based on
the ORAC assay. Thus, a direct comparison is impossible because
antioxidant capacity of foods differs greatly depending on the
assay used.

3.5. Issues and perspectives of this study

In this study, the sum of hydrophilic antioxidants contained in
raw vegetables and fruits commonly consumed in Japan was
focused, but there are some limitations in the data presented here.
(1) Each of the foods also contains a certain amount of lipophilic
antioxidants. Thus, the sum of lipophilic antioxidants needs to be
measured by the L-ORAC method in a future study. (2) ORAC data
for foods other than vegetables and fruits are important.
Rautiainen et al. (2008) showed that contributors to the total

ORAC intake from all foods in Sweden were fruits (34.8%),
vegetables (21.6%), grain products (19.7%), tea (9.5%), chocolate
(4.9%), juice (3.9%) and wine (2.5%). Fukushima et al. (2009)
suggested that beverages, especially coffee and green tea,
contributed greatly to the consumption of polyphenols in the
Japanese diet. Furthermore, soy beans and soy bean products were
not examined in the present study, but they are consumed
frequently in Japan and contain isoflavones, which have potent
ORAC activities (Riifer and Kulling, 2006). (3) The effects of
cooking and combinations of ingredients need to be clarified.
Yamaguchi et al. (2001) and Jiménez-Monreal et al. (2009)
studied changes in AOC of several vegetables during cooking and
showed that AOC can change positively or negatively after
cooking. Taking the above issues into consideration, a more
comprehensive ORAC database is needed for estimation of overall
daily intake of antioxidants.

4. Conclusions

The H-ORAC values for 23 vegetables commonly consumed in
Japan ranged from 1.63 to 66.07 (average 6.95) pmol TE/g. The H-
ORAC values for 13 fruits ranged from 1.58 to 33.47 (average
12.23) pwmol TE/g. The daily intake of hydrophilic antioxidants
from vegetables and fruits in Japan was estimated to be 4423 pmol
TE/d (2967 wmol TE from vegetables and 1456 pmol TE from
fruits). This value is generally in accordance with the daily ORAC
intakes reported in earlier papers. The H-ORAC values for the
vegetables and fruits evaluated had a strong positive correlation
with polyphenol contents (r = 0.956), suggesting that polyphenolic
compounds are major contributors to H-ORAC. The H-ORAC values
correlated with DPPH radical scavenging capacities (r = 0.894), but
the results of the H-ORAC assay were 1.0-18.2-times higher than
the results of the DPPH assay. The H-ORAC values obtained here
were rtoughly consistent with those reported by the USDA
(r=0.696), but some foods showed largely different H-ORAC
values or are not included in the USDA’s ORAC database. To
elucidate the relationship between daily intake of antioxidants and
health, continued research is needed on establishing a more
comprehensive AOC database including L-ORAC values, other
foods and effects of cooking.
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