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INTRODUCTION

Bone loss with aging induces osteoporosis,
which is widely recognized as a major public health
problem. A decrease in bone mass leads to bone frac-
ture. Bone loss may be due to decreased bone for-
mation and increased bone resorption. Pharmaco-
logic and nutritional supplements can prevent bone
loss caused by increasing age.1) Food chemical fac-
tors may help to prevent bone loss with increasing
age. Recent studies have shown that isoflavones (in-
cluding genistein and daidzein), which are contained

in soybeans,2–4) and menaquinone-7, an analogue of
vitamin K2 which is abundant in fermented soy-
beans,5–7) have a stimulatory effect on osteoblastic
bone formation and an inhibitory effect on osteo-
clastic bone resorption in vitro, thereby increasing
bone mass.8,9)

Carotenoids are present in fruit and vegetables;
the effect of carotenoids on bone metabolism, how-
ever, has not yet been clarified. More recently, it has
been shown that β-cryptoxanthin has a unique ana-
bolic effect on bone metabolism in vitro and in
vivo.10–14) Lutein, lycopene, and β-carotene, which
are carotenoids, do not have an effect on bone calci-
fication in vitro.10,11) β-Cryptoxnthin has a direct
stimulatory effect on osteoblastic bone formation and
an inhibitory effect on osteoclastic bone resorption
in vitro.10–12) β-Cryptoxanthin is greatly present in
Satsuma mandarin (Citrus unshiu MARC.). β-Cryp-
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toxanthin may have a role in bone health and may
be important in the prevention of bone loss with in-
creasing age.

The oral administration of β-cryptoxanthin,
which was isolated from Satsuma mandarin, has been
shown to induce an anabolic effect on bone compo-
nents in young and aged rats in vivo,13,14) suggesting
that the intake of β-cryptoxanthin can prevent bone
loss with aging.

This study was undertaken to determine whether
the intake of juice (Citrus unshiu) containing β-cryp-
toxanthin has an effect on bone metabolism in nor-
mal individuals. We prepared regular juice and the
β-cryptoxanthin reinforced juice. We found that the
prolonged intake of a regular juice and a β-cryptox-
anthin reinforced juice causes an alteration in se-
rum biochemical markers of bone metabolism in
normal individuals.

MATERIALS AND METHODS

Materials —–—  Juice prepared from Satsuma man-
darin (Citrus unshiu MARC.) was supplied by Ehime
Beverage, Inc. (Matsuyama, Japan), in which β-cryp-
toxanthin is present in a volume of 802 µg per 100 ml
of juice. The reinforced juice with increased β-cryp-
toxanthin content was made with a β-cryptoxanthin
supplement isolated from Satsuma mandarin. The
content of β-cryptoxanthin in the reinforced juice
was 1500 µg per 100 ml of juice.
Experimental Procedures —–—  Twenty-one
adults, aged 23–47 years (ten males and eleven fe-
males), who were judged to be healthy with no ab-
normal liver and kidney functions as assessed by
standard biochemical data, were enrolled as volun-
teers in this study. Informed consent was obtained
from all of them. The intake of other foods with an
abundance of β-cryptoxanthin was prohibited dur-
ing the period of the experiment. The period for
washout or intake of each type of juice was designed
to be 7 days, and 28 or 56 days, respectively. The
twenty-one volunteers were divided into two groups
of either ten volunteers (five males and females) or
eleven volunteers (five males and six females). Each
group was given sequentially, once a day for 28 or
56 days, 192 ml of juice containing one of two dif-
ferent contents: either 1540 or 2880 µg per 192 ml
of juice. The intake of juice was performed between
10 a.m. and 12 a.m. Blood samples were collected
from each at 3 p.m. and 5 p.m. on the day prior to
intake (control), and at 28 and 56 days after start of

the intake. Serum samples were obtained by cen-
trifugation (2500 rpm for 5 min) between 30 and
60 min after blood collections, and were then stored
at –20°C until being assayed.
Analytical Procedures —–—  Serum calcium and
inorganic phosphorus concentrations were deter-
mined using a kit (Wako Pure Chemicals, Osaka,
Japan). The serum γ-carboxylated osteocalcin con-
centration was assayed using a Gla type Osteocalcin
(Gla-OC) EIA kit (Takara Shuzou, Shiga, Japan).15)

Serum bone-specific alkaline phosphatase activity
was assayed using METRA BAP EIA kit (Quidel,
San Diego, U.S.A.).16) Serum bone tartrate-resistant
acid phosphatase (TRAP) activity was assayed us-
ing a Bone TRAP Assay EIA kit (SBA Sciences,
Turku, Finland).17) Serum bone N-telopeptide of
type I collagen was measured using OSTEOMARK
NTx Serum EIA kit (Mochida Pharmaceutical Co.,
Ltd., Tokyo, Japan).18)

Statistical Analysis —–—  Differences in values
before and after the intake of each juice was esti-
mated using Student’s t-test. A paired t-test was used
for the difference in values before and after the in-
take of each juice or between the two groups after
each intake of period. p-Values less than 0.05 were
considered statistically significant.

RESULTS

The change in serum biochemical markers of
bone metabolism in normal individuals following
the start of intake of regular juice or of the β-cryp-
toxanthin reinforced juice prepared from Satuma
mandarin (Citrus unshiu MARC.) was examined.
The period of intake for each type juice was designed
to be 28 or 56 days.

Serum calcium and inorganic phosphorus con-
centrations were not significantly changed by the
intake of regular juice for 28 or 56 days (Figs. 1 and
2). However, the intake of the β-cryptoxanthin rein-
forced juice for 28 or 56 days caused a significant
decrease in serum calcium concentration (Fig. 1),
and serum inorganic phosphorus concentration was
significantly lowered by the intake for 56 days
(Fig. 2) compared with the value obtained before
intake.

Serum bone-specific alkaline phosphatase activ-
ity was not significantly changed by the intake of
regular juice or the β-cryptoxanthin reinforced juice
for 28 or 56 days (Fig. 3).

The serum γ-carboxylated osteocalcin concen-
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tration was significantly increased by the intake of
regular juice or the reinforced β-cryptoxanthin juice
for 28 or 56 days (Fig. 4). The increase in serum γ-
carboxylated osteocalcin concentration was not sig-
nificantly enhanced by the intake of the β-cryptox-
anthin reinforced juice as compared with the value

obtained from the intake of regular juice for 28 or
56 days.

Serum bone TRAP activity was significantly
decreased by the intake of regular juice for 56 days
compared with the value obtained before intake
(Fig. 5). Likewise, the intake of regular juice for
28 days caused a significant change in serum bone

Fig. 1. Change in Serum Calcium Concentration Following
Intake of Juice Containing β-Cryptoxanthin

Juice from Satsuma mandarin containing β-cryptoxanthin was given
to volunteers for 28 or 56 days. Twenty-one persons (before intake) were
divided into two groups ten persons for the intake of regular juice and
eleven persons for the reinforced β-cryptoxanthin juice. Each value is
the mean ± SEM of ten to twenty one persons. *p < 0.01, compared
with the value before intake. #p < 0.01 compared with the value obtained
from regular juice intake. White bar, before intake; hatched bars, intake
of regular juice; black bars, β-cryptoxanthin reinforced juice.

Fig. 2. Change in Serum Inorganic Phosphorus Concentration
Following Intake of Juice Containing β-Cryptoxanthin

The procedure for the intake of juice containing β-cryptoxanthin
described in Fig. 1. Each value is the mean ± SEM of ten to twenty one
persons. *p < 0.05 compared with the value before intake. White bar,
before intake; hatched bars, intake of regular juice; black bars, reinforced
β-cryptoxanthin juice.

Fig. 3. Change in Serum Bone-Specific Alkaline Phosphatase
Activity Following Intake of Juice Containing β-
Cryptoxanthin

The procedure of the intake of juice containing β-cryptoxanthin is
described in Fig. 1. Each value is the mean ± SEM of ten to twenty-one
persons. Data were not significant. White bar, before intake; hatched
bars, intake of regular juice; black bars, β-cryptoxanthin reinforced juice.

Fig. 4. Change in Serum γ-Carboxylated Osteocalcin
Concentration Following Intake of Juice Containing β-
Cryptoxanthin

The procedure for the intake of juice containing β-cryptoxanthin is
described in Fig. 1. Each value is the mean ± SEM of ten to twenty-one
persons. *p < 0.05 compared with the value before intake. **p < 0.01
compared with the value before intake. White bar, before intake; hatched
bars, intake of regular juice; black bars, β-cryptoxanthin reinforced juice.
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TRAP activity. Additionally, the intake of the β-cryp-
toxanthin reinforced juice for 28 or 56 days caused
a significant decrease in serum bone TRAP activity
compared with the value obtained before intake.
Moreover, the intake of β-cryptoxanthin reinforced
juice for 28 or 56 days had a significantly more po-
tent reducing effect on serum bone TRAP activity
compared with that of the regular juice intake.

Serum concentration of the N-telopeptide of
type I collagen was significantly decreased by the
intake of β-cryptoxanthin reinforced juice for 28 or
56 days, while it was not significantly changed by
the intake of regular juice for 28 or 56 days com-
pared with the value obtained before intake (Fig. 6).

DISCUSSION

Bone loss with aging induces osteoporosis,
which leads to bone fracture. Bone loss may be due
to decreased bone formation and increased bone re-
sorption. Chemical factors in foods may help to pre-
vent bone loss caused by increasing age. β-Cryptox-
anthin is greatly present in Satsuma mandarin (Citrus
unshiu MARC.). β-Cryptoxanthin has been demon-
strated to have a stimulatory effect on bone forma-
tion and an inhibitory effect on bone resorption in
vitro.10–12) The oral administration of β-cryptoxan-
thin in rats induces an anabolic effect on bone com-

ponents in vivo,13,14) suggesting that the intake of β-
cryptoxanthin-containing juice plays a role in bone
health.

This study was undertaken to determine whether
the intake of β-cryptoxanthin-containing juice has
an effect on specific serum biochemical markers of
bone metabolism. We found that the prolonged in-
take of β-cryptoxanthin-containing juice causes a sig-
nificant increase in serum markers of bone forma-
tion and a corresponding decrease in serum markers
of bone resorption in normal individuals, suggest-
ing that the intake of β-cryptoxanthin-containing
juice has an anabolic effect on bone mass in normal
individuals.

Serum bone-specific alkaline phosphatase and
γ-carboxylated osteocalcin are expressed in osteo-
blastic cells,19,20) which stimulate bone formation. Se-
rum γ-carboxylated osteocalcin concentration was
found to be increased by the intake of the regular
juice or the reinforced juice containing additional β-
cryptoxanthin in normal individuals, although their
intake did not cause a significant elevation of serum
bone-specific alkaline phosphatase activity. This
result suggests that the intake of β-cryptoxanthin-
containing juice stimulates bone formation in nor-
mal individuals.

Serum bone TRAP is a specific marker enzyme
in osteoclasts,17) and the N-telopeptide of type I col-

Fig. 5. Change in Serum Bone TRAP Activity Following Intake
of Juice Containing β-Cryptoxanthin

The procedure for the intake of juice containing β-cryptoxanthin
described in Fig. 1. Each value is the mean ± SEM of ten to twenty one
persons. *p < 0.01 compared with the value before intake. #p < 0.01
compared with the value obtained from intake of regular juice. White
bar, before intake; hatched bars, intake of regular juice; black bars,
reinforced β-cryptoxanthin juice.

Fig. 6. Change in Serum Concentration for N-Telopeptide of
Type I Collagen Following Intake of Juice Containing
β-Cryptoxanthin

The procedure of the intake of juice containing β-cryptoxanthin is
described in Fig. 1. Each value is the mean ± SEM of ten to twenty-one
persons. *p < 0.01 compared with the value before intake. #p < 0.01
compared with the value obtained from the intake of regular juice. White
bar, before intake; hatched bars, intake of regular juice; black bars, β-
cryptoxanthin reinforced juice.
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lagen is specifically formed following the stimula-
tion of bone resorption.18) The intake of β-cryptox-
anthin reinforced juice for 28 and 56 days caused a
significant decrease in serum bone TRAP activity
and serum concentration of the N-telopeptide of
type I collagen in normal individuals. This result sug-
gests that bone resorption is suppressed by the in-
take of β-cryptoxanthin-containing juice in normal
individuals.

Serum calcium and inorganic phosphorus con-
centrations were observed to be decreased by the
prolonged intake of β-cryptoxanthin-containing
juice. This observation may result from the suppres-
sion of bone resorption caused by the intake of β-
cryptoxanthin-containing juice.

The content of β-cryptoxanthin in the regular
juice prepared from Satsuma mandarin was 802 µg
per 100 ml of juice. This juice is supplied commer-
cially. The intake of regular juice for 56 days caused
a significant increase in serum γ-carboxylated
osteocalcin concentration and a significant decrease
in serum bone TRAP activity in normal individuals.
Moreover, regular juice was supplemented with β-
cryptoxanthin isolated from Satsuma mandarin; the
content of β-cryptoxanthin was elevated to 1500 µg
per 100 ml of juice. The intake of reinforced juice
for 28 and 56 days caused a significant increase in
serum γ-carboxylated osteocalcin concentration and
a significant decrease in serum calcium concentra-
tion, serum bone TRAP activity, and serum N-
telopeptide of type I collagen in normal individu-
als. Thus, the reinforced β-cryptoxanthin juice had
a potent effect on biochemical markers of bone me-
tabolism. The intake of β-cryptoxanthin reinforced
juice may be useful for bone health and the preven-
tion of bone loss caused by increasing age.

The total intake of β-cryptoxanthin in normal
individuals was 2880 µg per day when the reinforced
juice was given. If the body weight of normal indi-
viduals was about 55 kg, the optimum dose of β-
cryptoxanthin would be 52.4 µg per kg body weight.
The marked anabolic effect of β-cryptoxanthin has
been shown to be induced by oral administration for
7 days with the dose of 100 µg β-cryptoxanthin/kg
body weight of rats.13) It has been reported that the
serum concentration of β-cryptoxanthin increases,
due to the consumption of vegetable juice in women,
to the range of 1.3 × 10–7 to 5.3 × 10–7 M.21) The
anabolic effect of β-cryptoxanthin on bone compo-
nents was observed at 10–7 and 10–6 M using rat femo-
ral tissues in vitro. Presumably, the anabolic effect
on bone metabolism with the intake of β-cryptoxan-

thin reinforced juice results from a direct effect of
β-cryptoxanthin on osteoblasts and osteoclasts in the
bone tissues of normal individuals.

In conclusion, it has been shown that the intake
of reinforced juice, which contains more β-cryptox-
anthin than regular juice, may participate in bone
health and the prevention of age-related bone loss.
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