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Abstract
Marie Kosehira

Food functions were classified into three categories according to the "Systematic Analysis and
Development of Food Functions" specified by the Ministry of Education, Culture, Sports, Science and
Technology carried out from 1984 to 1986. These were defined as follows: the functions of the minimum
"Nutrition" required for living humans are defined as primary functions, the functions of "Preference",
such as sensory functions, as secondary functions, and the functions of "Health and biological regulation",
including the prevention of diseases such as lifestyle-related diseases, as tertiary functions. Foods
categorized as this tertiary function of food are called "health foods" and are widely marketed and used as
foods that contribute to the maintenance and promotion of health. It became clear that many food
ingredients have tertiary functions, and the Japanese definition of “Functional Food” was internationally
recognized and spread throughout the world.

The Food Labeling Licensing System for Specific Health Use was enforced in 1991, and it became
possible to display the function of specified health foods (Tokuho) approved by regulators. In 2001, the
Nutrition Function Food System was implemented, which allows the labeling of the functions of specific
nutritional ingredients (vitamins, minerals, etc.) without the need to apply for permission or submit a
notification to the government. Furthermore, in April 2015, the Functional Labeled Foods System came
into effect, and by notifying the Commissioner of the Consumer Affairs Agency with the necessary
information on the basis of scientific grounds, it became possible to label Functional Labeled Foods at the
responsibility of the business operator. Due to the effects of such systems, the market scale of health foods
has been increasing year on year, and it has increased by 1.7% to 1,247.5 billion yen in 2018 compared
with the previous year.

Bilberry (English name: Bilberry, scientific name: Vaccinium myrtillus L.) is classified as a V. myrtillus
node. It is a species of edible berry and is a wild species native to acidic lands in northern European forests
from the Scandinavian Peninsula in Northern Europe. Compared with the common blueberry
(Cyanococcus node of the family Tusidae), which is also commonly cultivated in Japan, the fruits of
bilberries are smaller and are characterized by an abundance of anthocyanins (anthocyanin). Bilberry fruit
contains a combination of five anthocyanins [cyanidin (Cy), delphinidin (Dp), malvidin (Mv), peonidin
(Pn), and petunidin (Pt)] and three sugars [glucose (Glu), galactose (Gal), and arabinose (Ara)]. It is known
that bilberry fruits contain 15 unique anthocyanins [V. myrtillus anthocyanins (VMA)], which have been
studied as medicines for visual functions such as improving night vision. However, the method of
extraction or composition, intake, and duration of consumption of VMA, as well as the endpoints and
evaluation methods in the studies, have not been organized and have not resulted in consistent results.

In chapter 1, ethanol extracts of mature bilberry fruits (pigment equivalent anthocyanidins > 0.30%),
which were frozen within 24 hours of collection, were used as bilberry extracts. The amount of VMA
contained in the extract was used as an indicator to check the intake and blood-concentration profile of

VMA. Anthocyanins are rapidly metabolized in vivo; therefore, these were quantified as anthocyanidins



including metabolites. Bilberry extracts with anthocyanin levels of Dp > Cy > Pt > Mv > Pn were tested
at three doses: 160 mg, 320 mg, and 480 mg. The AUC calculated from the blood anthocyanidin
concentration-time profiles at each intake dose was higher for Cy than Dp, and otherwise the same order
as in the extract. The Crmax of total anthocyanidins increased 2.0-fold and 3.4-fold, and the AUC increased
2.2-fold and 3.5-fold in a dose-dependent manner when 320 mg and 480 mg were taken compared with
160 mg. At all intakes, the Tmax of total anthocyanidins was 1.5 hours after intake, and the plasma
concentration was maintained at a significantly high level even at 3 hours after intake. The bilberry extract
obtained using this extraction method was used in the following experiments.

In chapter 2, an exploratory clinical trial was conducted to evaluate the efficacy of bilberry extract on
ocular fatigue. The effects of the extract on pupillary constriction, congestion, and regulation were
confirmed. For constriction of the pupil and convergence, a Triiris® testing device was used. Bilberry extract
was taken at a dose of 160 mg (59 mg of VMA). In addition, AA-2 was used for ocular accommodation,
and the intake was set to be 107 mg (40 mg of VMA). A four-week trial was performed in both studies.
VDTs (e.g., PCs and smartphones with Visual Display Terminals and displays) were applied prior to testing
to temporarily fatigue the eyes, because eye fatigue is likely to occur during near vision responses. The
number of subjects was 30. They took two to three hard capsules containing 53.5 mg of bilberry extract or
capsules without bilberry extract (placebo). It is known that the pupillary response to regulatory stimuli is
attenuated and the ratio of pupil constriction decreases during eye strain. After four weeks of taking bilberry
extract, not only the pupillary constriction ratio after VDT workload, but also the effect on convergence,
which was determined from the pupil movement distance was confirmed. In addition, high-frequency
component (HFC) of accommodative microfluctuation caused by muscle fatigue due to hyperregulation of
the ciliary muscles was also reduced. These results suggested that the consumption of bilberry extract may
be effective for eye fatigue to constriction of the pupil, convergence, and accommodation. Reactive oxygen
species (ROS) are one of the causes of muscle fatigue. Because bilberry extract has antioxidant properties,
it is suggested that consumption of bilberry extract may reduce oxidative stress in ocular tissues, thereby
alleviating eye fatigue. In Chapter 3, the safety of bilberry extract was confirmed. Even 1440 mg/day (six
times higher dose than 240 mg/day) over 4 weeks was taken, no safety issues were confirmed. In Chapter
4, the efficacy of bilberry extract on ocular fatigue after VDT workload was tested in 109 subjects. The
subjects took 240 mg/day (89 mg VMA) for 12 weeks, and testing was performed at 0, 4, 8, and 12 weeks.
These results indicated that bilberry extract suppressed or alleviated the accommodation of ciliary muscles
in response to VDT load at 4, 8, and 12 weeks. Furthermore, the effect on ocular fatigue did not diminish
even after 12 weeks of continuous intake.

This study scientifically verified the absorbability of bilberry extract and its efficacy against eye fatigue.
The maintenance and promotion of health of Japanese people is an urgent issue in an aging society. It is
expected that verification of the safety and effectiveness of health foods will become essential in the future.

This study will contribute to the research and development of health foods.
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