
1402� Vol. 42, No. 8Biol. Pharm. Bull. 42, 1402–1408 (2019)

�
© 2019 The Pharmaceutical Society of Japan

Regular Article

Anti-stress Effect of β-Cryptoxanthin in Satsuma Mandarin Orange on 
Females
Keiko Unno,*,a,b Shigenori Noda,c Hirohiko Nii,c Yohei Kawasaki,d Kazuaki Iguchi,a and 
Hiroshi Yamadac

a Department of Neurophysiology, School of Pharmaceutical Sciences, University of Shizuoka; 52–1 Yada, Suruga-
ku, Shizuoka 422–8526, Japan: b Tea Science Center, Graduate School of Integrated Pharmaceutical and Nutritional 
Sciences, University of Shizuoka; 52–1 Yada, Suruga-ku, Shizuoka 422–8526, Japan: c Division of Drug Evaluation & 
Informatics, School of Pharmaceutical Sciences, University of Shizuoka; 52–1 Yada, Suruga-ku, Shizuoka 422–8526, 
Japan: and d Biostatistics Section, Chiba University Hospital; 1–8–1 Inohana, Chuo-ku, Chiba 260–8677, Japan.
Received April 15, 2019; accepted May 30, 2019

Beta-cryptoxanthin (β-CRX, (3R)-β, β-caroten-3-ol) is an oxygenated carotenoid and a potent anti-
oxidant that is abundant in Satsuma mandarin orange (Citrus unshiu MARC.), which is the most popular 
fruit in Japan. Since our preliminary data suggested that the ingestion of β-CRX had an anti-stress effect 
in female participants, the effect was evaluated in another set of female participants. The study design was 
a double-blind group comparison and participants (n = 23) were randomly assigned to β-CRX-rich orange 
juice or placebo (β-CRX was removed from orange juice) groups. β-CRX or placebo juice (125 mL, after 
breakfast) were consumed from 1 week prior to pharmacy practice and continued for 5 d into the practice 
period. Salivary α-amylase activity (sAA), a marker of sympathetic nervous system activity, was significantly 
higher in the evening than in the morning in the placebo-group during pharmacy practice, but not in the 
β-CRX-group. This result supports the anti-stress effect of β-CRX. The dose-dependency of β-CRX was 
observed in male mice that were loaded with stress. These results indicate that the ingestion of β-CRX is 
helpful to reduce stress.
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INTRODUCTION

Intervention of stress-induced alterations with dietary 
supplements is thought to be helpful for preventing the ac-
cumulation of stress and to be beneficial for a healthy life. 
For example, theanine, an amino acid unique to green tea, 
has been confirmed to exhibit an excellent stress-reducing 
effect in clinical and animal experiments.1–4) Although caf-
feine in green tea counteracts the action of theanine,5) green 
tea with lowered caffeine has been found to show an excellent 
stress-reducing effect in individuals in their 20 s, 40–50 s and 
80–90 s.6–8) There is a demand for these foods and dietary 
supplements in a modern stressful life. Beta-cryptoxanthin 
[β-CRX, (3R)-β, β-caroten-3-ol] is an oxygenated carote-
noid and a potent antioxidant that is abundant in Satsuma 
mandarin orange (Citrus unshiu MARC., approx. 1 mg/100 g). 
This is the most popular fruit in Japan.9) β-CRX is one of the 
major carotenoids present in the plasma along with lycopene, 
α- and β-carotene, lutein and zeaxanthin, whose plasma level 
was found to be 0.14–0.40 µM in males of five European 
countries10) and 0.17 µM in Japanese males.11) In Japan, β-CRX 
in the serum is mainly derived from Satsuma mandarin or-
ange in Japan.12) Therefore, people who eat many Satsuma 
mandarin oranges have higher levels of β-CRX in the serum 
(1.46 µM in females and 1.03 µM in males).13) Previous studies 
have demonstrated that serum β-CRX is inversely associ-
ated with the risks of several lifestyle-related diseases such 
as metabolic syndrome,14–16) low bone mineral density,17) liver 
dysfunction,15,18) and insulin resistance.19–23) The high level of 
β-CRX in serum/plasma may have other beneficial functions 

for a healthy life.
The anti-stress effect of β-CRX on humans was prelimi-

narily evaluated in fifth-year university students (n = 20; 12 
females, 8 males) during their routine daily lives at the uni-
versity and at a pharmacy practice (UMIN 000017165). In the 
β-CRX-group, the increase of post-practice salivary α-amylase 
activity (sAA) was suppressed in females. To confirm the 
effect of ingesting β-CRX, we examined the possibility of 
an anti-stress effect of β-CRX in another group of female 
participants. Furthermore, we examined the dose-dependence 
of β-CRX using mice that had been loaded with territorially-
based stress. This model is suitable for evaluating the anti-
stress effect of various compounds.2,3) Based on these data, we 
explored the possibility of a new function of β-CRX on stress 
reduction.

MATERIALS AND METHODS

Preparation of Test and Placebo Juices  The Satsuma 
mandarin orange juice with enhanced β-CRX (β-CRX juice) 
was a commercially available product (Ashitanokarada, Ehime 
Beverage Inc., Ehime, Japan) containing β-CRX derived 
from three oranges in a bottle (125 mL). The concentration of 
β-CRX in the β-CRX juice was 3.30 mg/125 mL. Placebo juice 
was prepared by removing β-CRX from the β-CRX juice by 
centrifugation and ultrafiltration membrane treatment (Ehime 
Beverage Inc.). The concentration of β-CRX in the placebo 
juice was below the detection limit (0.008 mg/100 g). However, 
the placebo juice still retained the orange juice taste and color. 
The measurement of β-CRX and removal of β-CRX from or-
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ange juice were conducted by Ehime Beverage Inc. The mea-
surement of β-CRX was performed according to the method 
of Sumida et al.24) with some modifications. The calorie and 
ingredients in β-CRX and placebo juices were compared using 
the methods of Ohshima et al.18) In brief, the water content 
was measured by reduced pressure heating and a drying 
method. Protein, lipid and ash were measured by the Kjeldahl 
method, the ether extraction method and the direct ashing 
method, respectively. Carbohydrate content was obtained as 
follows: 100 − (water + protein + lipid + ash). Sodium and 
potassium contents were measured by atomic absorption. 
Total ascorbic acid was measured by high performance liquid 
chromatography. In this test, β-CRX and placebo juices were 
placed in white containers so that subjects could not distin-
guish between juices.

Participants  The number of cases was decided by con-
sidering the results of the analysis of sAA, which was the 
main item used to evaluate the effectiveness of β-CRX in 
previous clinical research.25) In this study, there were about 
twice as many female participants as in the previous study. 
Twenty-three healthy 5th-year female students (average age 
22.4 ± 0.6 y) of the University of Shizuoka, who participated 
in the experiment, were randomly divided into two groups: 
the β-CRX group (n = 12) and the placebo group (n = 11). The 
participants were assigned to practice outside the university, 
in a hospital or a pharmacy, for 11 weeks. The first 5 d of the 
practice program were analyzed, because these days were as-
sumed to be the most stressful. The juice intake period was 
about the same as the previous study. They were instructed 
to drink one bottle (125 mL) of β-CRX or placebo juice after 
breakfast, and were reminded not to forget to drink juice. One 
bottle of β-CRX juice contains β-CRX corresponding to three 
Satsuma mandarin oranges. The participants did not consume 
any β-CRX-rich fruits and confectioneries such as other citrus 
fruit, orange juice, and gummy or candy containing orange 
throughout the experiment. β-CRX or placebo juice were con-
sumed from 1 week prior to pharmacy practice and continued 
for 5 d into the practice period.

A questionnaire that included feedback on physical condi-
tion, subjective stress and achievement emotion was assigned 
for 5 d after each day’s practice. The physical condition of 
participants was assigned an ordinal scale (5, very good; 4, 
good; 3, normal; 2, slightly bad; 1, bad). Subjective stress was 
evaluated using visual analogue scales (VAS: 0–10) from very 
relaxed to highly stressed. Achievement emotion of each par-
ticipant was assigned an ordinal scale (5, completely; 4, better; 
3, a little better; 2, a little worse; 1, much worse) relative to 
the level of professional pharmacist. Sleeping hours were also 
recorded. None of the participants indicated acute or chronic 
disease, regular intake of medication, or habitual smoking. 
The study was conducted in accordance with the Declaration 
of Helsinki and Ethical Guidelines for Medical and Health Re-
search Involving Human Subjects (Public Notice of the Minis-
try of Education, Culture, Sports, Science and Technology and 
the Ministry of Health, Labour and Welfare of Japan, 2008). 
This study was approved in Japan, and the study protocol, 
which was approved by the Ethics Committee of the Univer-
sity of Shizuoka (No. 27–51), was registered at the University 
Hospital Medical Information Network (UMIN) (registration 
No. UMIN 000021775). The study period was from April to 
May 2016.

Measurement of sAA  To assess the physiological stress 
response, sAA was measured using a colorimetric system 
(Nipro Co., Osaka, Japan).26) One unit of activity (U) per mass 
of enzyme is defined as the production of 1 µmol of the reduc-
tion sugar, maltose, in 1 min (NC-IUBMB, 1992). Saliva was 
collected twice a day, in the morning after waking up (pre-
stress sAA) and in the evening after pharmacy practice (post-
stress sAA), for 5 d during the pharmacy practice. Prior to 
sampling, participants washed their mouths with water. After 
saliva was collected for 30 s using a sampling tip, each partici-
pant measured her own sAA immediately. Although the juice 
intake period was about the same as in a previous study,25) 
the measurement of sAA was limited exclusively to pharmacy 
practice and was taken in triplicate to reduce measurement er-
rors. Median data was used for analysis.

Measurement of STAI  The state-trait anxiety inventory 
(STAI) is a self-survey method used to study a participant’s 
anxiety status that consists of 40 questions on a self-report 
basis. State anxiety is anxiety about an event, and trait anxi-
ety is the anxiety level as a personal characteristic. Higher 
scores are positively correlated with higher levels of anxiety. 
The STAI test (Japanese STAI Form X-1, Sankyobo, Kyoto, 
Japan) was carried out before pharmacy practice (pre-practice) 
and on the 5th day of pharmacy practice (post-practice). Both 
state and trait anxiety in pre- and post-practice were examined 
in this study, whereas only state anxiety in pre-practice was 
measured in a previous study.25)

Animals and Stress Experiment  Male ddY mice (Slc: 
ddY, 4 weeks old) were purchased from Japan SLC Co., Ltd. 
(Shizuoka, Japan) and kept under conventional conditions in 
a temperature- and humidity-controlled environment with a 
12/12 h light/dark cycle (light period, 8:00 a.m.–8:00 p.m.; tem-
perature, 23 ± 1°C; relative humidity, 55 ± 5%). Four-week-old 
mice were housed in a group of six in a cage for five days to 
allow them to adapt to co-habitation. Mice were fed a normal 
diet (CE-2; Clea Co., Ltd., Tokyo, Japan) and water ad libitum. 
All experimental protocols were approved by the University 
of Shizuoka Laboratory Animal Care Advisory Committee 
(approval No. 166197) and were in accordance with the guide-
lines of the U.S. National Institute of Health for the Care and 
Use of Laboratory Animals. To apply psychosocial stress to 
mice, confrontational housing was established in a standard 
polycarbonate cage that was divided into two identical sub-
units by a stainless steel partition as described previously.3) 
In brief, two male mice were housed in a partitioned cage for 
six days (single housing) to establish territorial conscious-
ness. Then, the partition was removed to expose the mice to 
confrontational stress for 24 h (confrontational housing). Since 
this experiment is based on male territoriality, no significant 
adrenal hypertrophy was observed in female mice under con-
frontational housing.3) Therefore, the animal experiment was 
performed in male mice. Each cage was placed in a styrofoam 
box (width 30 cm, length 40 cm, height 15 cm) to avoid visual 
social contact between cages. At the end of the 24 h of con-
frontational housing, mice were sacrificed and adrenal glands 
were weighed.

Ingestion of β-CRX by Mice  The effect of β-CRX was 
examined in mice (6–12 mice/group, n = 54). Mice consumed 
β-CRX juice diluted with regular water ad libitum for 7 d 
(single housing for six days and confrontational housing for 
1 d). Mouse body weight was measured on the last day of the 
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experiment. The volume of β-CRX that was ingested was cal-
culated from the drinking volume. The stress-reducing effect 
of β-CRX was compared among the six groups as follows: 
group 1 was group housing mice that drank water; group 2 

was group housing mice that drank 5-times diluted β-CRX 
(5.3 µg/mL), corresponding to about 1.75 mg/kg; group 3 
was confrontational housing mice that drank water; group 4 
was confrontational housing mice that drank 5-times diluted 
β-CRX, corresponding to about 1.75 mg/kg; group 5 was con-
frontational housing mice that drank 16-times diluted β-CRX 
(1.65 µg/mL), corresponding to about 0.5 mg/kg; and group 6 
was confrontational housing mice that drank 160-times diluted 
β-CRX (0.17 µg/mL), corresponding to about 0.05 mg/kg.

Statistical Analysis  All results are expressed as 
mean ± standard error of the mean (S.E.M.). Differences in 
sAA were evaluated using one-way ANOVA followed by a 
Tukey–Kramer post hoc test for multiple comparisons, as well 
as simple linear regression analysis. All statistical analyses 
in the clinical study were carried out using SAS 9.4 (SAS 
Institute Inc., Cary, NC, U.S.A.). ANOVA and correlation 
coefficients in the animal experiment were obtained using a 
statistical analysis program (StatPlus, AnalystSoft Inc., online 

Table 1. Components of Consumption of Test- and Placebo-Juice

Juice (in 125 mL) β-CRX Placebo

Energy (kcal) 54 54
Water (g) 116.5 116.8
Protein (g) 0.9 0.5
Lipids (g) — —
Ash (g) 0.4 0.3
Carbohydrate (g) 13 13
Sodium (mg) — 1.3
Potassium (mg) 179 165
Total ascorbic acid (mg) 38 39
β-CRX (mg) 3.3 <0.008

Fig. 1. Level of sAA in the Participants
(a) Open bar represents the level of pre-stress sAA that was measured in the morning after waking up, and the closed bar represents the level of post-stress sAA that 

was measured after a day of pharmacy practice. Each bar represents the mean ± S.E.M. (β-CRX, n = 12; placebo, n = 11; * p < 0.05); (b) Correlation between pre-stress 
sAA and post-stress sAA in participants of the β-CRX group; (c) Correlation between pre-stress sAA and post-stress sAA in participants of the placebo group. Each point 
represents mean ± S.E.M. (n = 5).



Vol. 42, No. 8 (2019)� 1405Biol. Pharm. Bull.

version). Statistical analyses in animal studies were performed 
using a student’s t-test and one-way ANOVA followed by 
Bonferroni’s post-hoc test for multiple comparisons. In each 
analysis, a p value <0.05 was considered to be statistically 
significant.

RESULTS

Levels of sAA, Anxiety and Subjective Stress in Stu-
dents  There were few differences in calories and ingredients 
between β-CRX and placebo juices (Table 1). The placebo 
juice had the taste and color of orange juice. Thus, all the par-
ticipants in both groups reported that the juice was delicious 
orange juice. During pharmacy practice, the level of post-
stress sAA was significantly higher in the placebo-group than 
the level of pre-stress sAA (p = 0.001; one-way ANOVA) (Fig. 
1a). In the β-CRX-group, the level of post-stress sAA tended 
to be higher, but not significantly, than the level of pre-stress 
sAA. Although there was a significant individual difference in 
sAA, the participants with low pre-stress sAA also had a low 
level of post-stress sAA. In the placebo group, the participants 
of high pre-stress sAA showed much higher post-stress sAA 
than the β-CRX group (Figs. 1b, c).

The average STAI values were examined to assess anxiety 
based on the appraisal standard. State anxiety was higher on 
the pre-practice day than on the post-practice day in both 
β-CRX and placebo groups (Fig. 2a). However, state anxiety 
on the pre- and post-practice days was not significantly differ-
ent between β-CRX and placebo groups. Trait anxiety was not 
different between both groups (Fig. 2b).

Subjective stress in each participant was recorded at the end 
of daily practice using VAS (0–10). The average score tended 
to be lower on the fifth day than on the first day in both 
groups (Fig. 2c). Considering individual variability, the values 
of subjective stress on the fifth day and the post-practice state 
anxiety of each participant were compared. Participants with 
higher subjective stress exhibited higher post-practice state 
anxiety in both groups (Fig. 2d, e). Achievement emotion was 
evaluated in participants with an ordinal scale at the end of 
daily practice. There was no difference between the average 
of both groups (Table 2). The physical condition and average 
sleeping time were not different between both groups during 
pharmacy practice.

Anti-stress Effects of β-CRX in a Mouse Model of Psy-
chosocial Stress  The relationship between the intake of 
β-CRX and the suppression of stress was examined in a male 

Fig. 2. The Levels of STAI and Subjective Stress Were Measured in the Participants of β-CRX and Placebo Groups
State anxiety (a) and trait anxiety (b) were measured one day before starting pharmacy practice (pre-practice) and on the fifth day of pharmacy practice (post-practice). 

Each bar represents the mean ± S.E.M. (β-CRX, n = 12; placebo, n = 11; * p < 0.05); (c) Subjective stress was evaluated using a visual analogue scale (VAS: 0–10) from 
very relaxed to highly stressed at the end of daily practice. The mean values on the first day and on the fifth day of pharmacy practice are shown. Each point represents 
the mean ± S.E.M. (β-CRX, n = 12; placebo, n = 11); correlation between subjective stress on the fifth day and the post-practice state of anxiety of the β-CRX group (d) 
and the placebo group (e).
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mouse model. There was no difference in body weight or in-
take volume of juice between groups. The mean body weight 
of mice was 32.8 ± 0.3 g. The average intake volume of juice 
was 10.2 ± 0.3 mL. The weight of adrenal glands increased to 

about 5 mg in mice after confrontational housing from about 
4 mg before confrontation. However, adrenal hypertrophy was 
significantly suppressed after the ingestion of β-CRX (Fig. 
3a). A close correlation was observed between actual β-CRX 
consumption and normalized adrenal weight of confronta-
tional mice (Fig. 3b).

DISCUSSION

This study was carried out to examine the anti-stress effect 
of β-CRX on humans. We preliminarily found that the inges-
tion of β-CRX reduced post-stress sAA in females during 
pharmacy practice.25) Similarly, in this study with approxi-
mately twice the number of participants, post-practice sAA 
was significantly higher than pre-practice sAA in the placebo 
group. In contrast, the increase in post-practice sAA was sup-
pressed in the β-CRX group. These results clarified that the 
ingestion of β-CRX reduced post-stress sAA in females. The 
level of sAA is low in the morning and rises according to 
activities during the day, but hardly changes under stress-free 
conditions.27–30) In addition, lack of sleep increases the level 
of sAA in the morning.31) As the mean sleeping time of the 
participants in this study exceeded 6 h in both β-CRX and 
placebo groups, there was no change in the levels of pre-stress 
sAA in these groups. On the other hand, the difference of 
post-stress sAA in β-CRX and placebo groups was consid-
ered to reflect difference in the stress response between these 
groups. Although there was a significant individual difference 
in sAA, the participants of higher pre-stress sAA showed 
higher post-stress sAA. The difference between β-CRX and 
placebo groups was clearly observed in the participants of 
higher pre-stress sAA. Lower sAA implies lower physiologi-
cal and psychological stress,32) indicating that the ingestion of 
β-CRX reduced stress. While these participants were sensitive 
to tension caused by new training at the pharmacy, excessive 
tension was suppressed in the β-CRX group. To reduce ten-
sion is important in people who are sensitive to stress, because 
excessive tension contributes to psychological stress.

On the other hand, as in a previous study,25) there was no 
significant difference in the STAI value and subjective stress 
between the β-CRX and placebo groups in this study. Since 
participants in this study also reported that they enjoyed the 
pharmacy practice, it was considered that their state anxiety 
was not too high, even in the placebo group. It may be better 
to examine the effect of β-CRX in participants under another 
stressful condition in a future study. However, the participants 
displaying higher subjective stress also showed high values of 
anxiety. As the measurement of sAA based on physiological 
response is a sensitive biosensor,33) it may give stress esti-
mates more accurately than the STAI value and subjective 
stress based on psychological questions.

The anti-stress effect of β-CRX in females was observed 
at about 0.06 mg/kg (3.3 mg/50–60 kg/d), but it is necessary to 
examine if a lower amount of β-CRX can reduce stress. The 
stress response in mice showed that β-CRX can reduce stress 
dose-dependently. This result suggests that its stress-reducing 
effect may be observed in humans even at less than 3.3 mg/d. 
The correlation between blood β-CRX and sAA levels may 
need to be considered in the future. As this and previous stud-
ies are the result of young participants in their twenties, it is 
also necessary to examine middle-aged and elderly people to 

Table 2. Effect of Consumption of Test- and Placebo-Juice by Students 
on Psychosocial Responses, as Assessed from a Questionnaire

Questionnaire item β-CRX-group Placebo-group

Physical condition (1–5) 3.42 ± 0.14 3.64 ± 0.21
Achievement emotion (1–5) 3.25 ± 0.09 3.40 ± 0.16
Sleeping time (h) 6.20 ± 0.28 6.27 ± 0.19

The physical condition of participants was assigned an ordinal scale (5, very good; 
4, good; 3, normal; 2, slightly bad; 1, bad). Achievement emotion was assigned an or-
dinal scale (5, completely; 4, better; 3, a little better; 2, a little worse; 1, much worse).

Fig. 3. Effect of β-CRX on the Adrenal Gland
Mice ingested β-CRX in drinking water that was consumed ad libitum for 7 d 

(single housing for 6 d and confrontational housing for 1 d). The weights of adrenal 
glands were measured one day after confrontational housing. Control mice simi-
larly ingested β-CRX in drinking water for 7 d under group housing. The stress-
reducing effect of β-CRX was compared among the six groups as follows: Group 
1 was group housing mice that drank water; Group 2 was group housing mice 
that drank 5-times diluted β-CRX (5.3 µg/mL), corresponding to about 1.75 mg/kg; 
Group 3 was confrontational housing mice that drank water; Group 4 was confron-
tational housing mice that drank 5-times diluted β-CRX, corresponding to about 
1.75 mg/kg; Group 5 was confrontational housing mice that drank 16-times diluted 
β-CRX (1.65 µg/mL), corresponding to about 0.5 mg/kg; and group 6 was con-
frontational housing mice that drank 160-times diluted β-CRX (0.17 µg/mL), cor-
responding to about 0.05 mg/kg. Adrenal weights were normalized by body weight. 
The adrenal weight in each group (a), and the effect of β-CRX intake in mice under 
confrontational housing (b) are shown. Each bar represents the mean ± S.E.M. 
(n = 6–12, * p < 0.05).
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assess if the anti-stress effect is age-dependent.
In conclusion, we examined whether the ingestion of 

β-CRX is able to reduce the stress response in female stu-
dents. Post-stress sAA levels were significantly higher in the 
placebo group than in pre-stress sAA, but were suppressed in 
the β-CRX group. The ingestion of β-CRX may be helpful for 
reducing stress.

Acknowledgments The authors thank all participants of 
the study and Ehime Beverage Inc. for providing Satsuma 
Mandarin orange juice. This research study was supported by 
a Grant-in-Aid for Scientific Research (KAKENHI 23617014) 
and a Grant for specially promoted research of the University 
of Shizuoka.

Conflict of Interest The authors declare no conflict of 
interest.

REFERENCES

 1) Kimura K, Ozeki M, Juneja LR, Ohira H. L-Theanine reduces psy-
chological and physiological stress responses. Biol. Psychol., 74, 
39–45 (2007).

 2) Unno K, Fujitani K, Takamori N, Takabayashi F, Maeda K, Mi-
yazaki H, Tanida N, Iguchi K, Shimoi K, Hoshino M. Theanine 
intake improves the shortened lifespan, cognitive dysfunction and 
behavioural depression that are induced by chronic psychosocial 
stress in mice. Free Radic. Res., 45, 966–974 (2011).

 3) Unno K, Iguchi K, Tanida N, Fujitani K, Takamori N, Yamamoto 
H, Ishii N, Nagano H, Nagashima T, Hara A, Shimoi K, Hoshino 
M. Ingestion of theanine, an amino acid in tea, suppresses psycho-
social stress in mice. Exp. Physiol., 98, 290–303 (2013).

 4) Unno K, Tanida H, Ishii N, Yamamoto H, Iguchi K, Hoshino M, 
Takeda A, Ozawa H, Ohkubo T, Juneja LR, Yamada H. Anti-stress 
effect of theanine on students during pharmacy practice: positive 
correlation among salivary α-amylase activity, trait anxiety and 
subjective stress. Pharmacol. Biochem. Behav., 111, 128–135 (2013).

 5) Unno K, Hara A, Nakagawa A, Iguchi K, Ohshio M, Morita A, 
Nakamura Y. Anti-stress effects of drinking green tea with lowered 
caffeine and enriched theanine, epigallocatechin and arginine on 
psychosocial stress induced adrenal hypertrophy in mice. Phyto-
medicine, 23, 1365–1374 (2016).

 6) Unno K, Yamada H, Iguchi K, Ishida H, Iwao Y, Morita A, Na-
kamura Y. Anti-stress effect of green tea with lowered caffeine on 
humans: a pilot study. Biol. Pharm. Bull., 40, 902–909 (2017).

 7) Unno K, Noda S, Kawasaki Y, Yamada H, Morita A, Iguchi K, 
Nakamura Y. Ingestion of green tea with lowered caffeine improves 
sleep quality of the elderly via suppression of stress. J. Clin. Bio-
chem. Nutr., 61, 210–216 (2017).

 8) Unno K, Noda S, Kawasaki Y, Yamada H, Morita A, Iguchi K, 
Nakamura Y. Reduced stress and improved sleep quality caused by 
green tea are associated with a reduced caffeine content. Nutrients, 
9, E777 (2017).

 9) Ministry of Agriculture. Forestry and Fisheries.: ‹http://www.maff.
go.jp/j/pr/aff/1701/ spe1_01.html›

10) Sugiura M, Matsumoto H, Kato M, Ikoma Y, Yano M, Nagao A. 
Seasonal changes in the relationship between serum concentration 
of β-cryptoxanthin and serum lipid levels. J. Nutr. Sci. Vitaminol. 
(Tokyo), 50, 410–415 (2004).

11) Olmedilla B, Granado F, Southon S, Wright AJ, Blanco I, Gil-Mar-
tinez E, Berg H, Corridan B, Roussel AM, Chopra M, Thurnham 
DI. Serum concentrations of carotenoids and vitamins A, E, and C 
in control subjects from five European countries. Br. J. Nutr., 85, 
227–238 (2001).

12) Ozasa K, Ito Y, Suzuki K, Watanabe Y, Wakai K, Tamakoshi A, 
JACC Study Group. Association of serum carotenoid concentration 
and dietary habits among the JACC Study subjects. J. Epidemiol., 
15 (Suppl. II), S220–S227 (2005).

13) Sugiura M, Nakamura M, Ogawa K, Ikoma Y, Matsumoto H, Ando 
F, Shimokata H, Yano M. Synergistic interaction of cigarette smok-
ing and alcohol drinking with serum carotenoid concentrations: 
findings from a middle-aged Japanese population. Br. J. Nutr., 102, 
1211–1219 (2009).

14) Sugiura M, Nakamura M, Ogawa K, Ikoma Y, Yano M. High serum 
carotenoids associated with lower risk for the metabolic syndrome 
and its components among Japanese subjects: Mikkabi cohort study. 
Br. J. Nutr., 114, 1674–1682 (2015).

15) Liu J, Shi WQ, Cao Y, He LP, Guan K, Ling WH, Chen YM. 
Higher serum carotenoid concentrations associated with a lower 
prevalence of the metabolic syndrome in middle-aged and elderly 
Chinese adults. Br. J. Nutr., 112, 2041–2048 (2014).

16) Iwamoto M, Imai K, Ohta H, Shirouchi B, Sato M. Supplementation 
of highly concentrated β-cryptoxanthin in a satsuma mandarin bev-
erage improves adipocytokine profiles in obese Japanese women. 
Lipids Health Dis., 11, 52 (2012).

17) Sugiura M, Nakamura M, Ogawa K, Ikoma Y, Ando F, Shimokata 
H, Yano M. Dietary patterns of antioxidant vitamin and carotenoid 
intake associated with bone mineral density: findings from post-
menopausal Japanese female subjects. Osteoporos. Int., 22, 143–152 
(2011).

18) Ohshima M, Sugiura M, Ueda K. Effects of β-cryptoxanthin-
fortified Satsuma mandarin (Citrus unshiu Marc.) juice on liver 
function and the serum lipid profile. Nippon Shokuhin Kagaku 
Kogaku Kaishi, 57, 114–120 (2010).

19) Sugiura M, Nakamura M, Ogawa K, Ikoma Y, Yano M. High serum 
carotenoids are associated with lower risk for developing elevated 
serum alanine aminotransferase among Japanese subjects: the Mik-
kabi cohort study. Br. J. Nutr., 115, 1462–1469 (2016).

20) Sahin K, Orhan C, Akdemir F, Tuzcu M, Sahin N, Yılmaz I, Juturu 
V. β-Cryptoxanthin ameliorates metabolic risk factors by regulating 
NF-κB and Nrf2 pathways in insulin resistance induced by high-fat 
diet in rodents. Food Chem. Toxicol., 107 (Pt A), 270–279 (2017).

21) She C, Shang F, Zhou K, Liu N. Serum carotenoids and risks of 
diabetes and diabetic retinopathy in a Chinese population sample. 
Curr. Mol. Med., 17, 287–297 (2017).

22) Sugiura M, Nakamura M, Ogawa K, Ikoma Y, Yano M. High-serum 
carotenoids associated with lower risk for developing type 2 dia-
betes among Japanese subjects: Mikkabi cohort study. BMJ Open 
Diabetes Res Care, 3, e000147 (2015).

23) Ni Y, Nagashimada M, Zhan L, Nagata N, Kobori M, Sugiura M, 
Ogawa K, Kaneko S, Ota T. Prevention and reversal of lipotoxicity-
induced hepatic insulin resistance and steatohepatitis in mice by 
an antioxidant carotenoid, β-cryptoxanthin. Endocrinology, 156, 
987–999 (2015).

24) Sumida K, Hamada S, Azuma Y, Ogawa H, Tada M. Change of 
total caroteneoid and β-cryptoxanthin contents of Satsuma Manda-
rin (Citrus unshiu Marc.) juice caused by heating, illumination and 
storage. Jpn. J. Food Chem., 6, 106–110 (1999).

25) Unno K, Noda S, Kawasaki Y, Iguchi K, Yamada H. Possible gen-
der difference in anti-stress effect of β-cryptoxanthin. Yakugaku 
Zasshi, 136, 1255–1262 (2016).

26) Yamaguchi M, Kanemori T, Kanemaru M, Takai N, Mizuno Y, Yo-
shida H. Performance evaluation of salivary amylase activity moni-
tor. Biosens. Bioelectron., 20, 491–497 (2004).

27) Out D, Granger DA, Sephton SE, Segerstrom SC. Disentangling 
sources of individual differences in diurnal salivary α-amylase: reli-
ability, stability and sensitivity to context. Psychoneuroendocrinol-
ogy, 38, 367–375 (2013).

28) Adam EK, Till Hoyt L, Granger DA. Diurnal alpha amylase pat-
terns in adolescents: associations with puberty and momentary 

http://dx.doi.org/10.1016/j.biopsycho.2006.06.006
http://dx.doi.org/10.1016/j.biopsycho.2006.06.006
http://dx.doi.org/10.1016/j.biopsycho.2006.06.006
http://dx.doi.org/10.3109/10715762.2011.566869
http://dx.doi.org/10.3109/10715762.2011.566869
http://dx.doi.org/10.3109/10715762.2011.566869
http://dx.doi.org/10.3109/10715762.2011.566869
http://dx.doi.org/10.3109/10715762.2011.566869
http://dx.doi.org/10.1113/expphysiol.2012.065532
http://dx.doi.org/10.1113/expphysiol.2012.065532
http://dx.doi.org/10.1113/expphysiol.2012.065532
http://dx.doi.org/10.1113/expphysiol.2012.065532
http://dx.doi.org/10.1016/j.pbb.2013.09.004
http://dx.doi.org/10.1016/j.pbb.2013.09.004
http://dx.doi.org/10.1016/j.pbb.2013.09.004
http://dx.doi.org/10.1016/j.pbb.2013.09.004
http://dx.doi.org/10.1016/j.pbb.2013.09.004
http://dx.doi.org/10.1016/j.phymed.2016.07.006
http://dx.doi.org/10.1016/j.phymed.2016.07.006
http://dx.doi.org/10.1016/j.phymed.2016.07.006
http://dx.doi.org/10.1016/j.phymed.2016.07.006
http://dx.doi.org/10.1016/j.phymed.2016.07.006
http://dx.doi.org/10.1248/bpb.b17-00141
http://dx.doi.org/10.1248/bpb.b17-00141
http://dx.doi.org/10.1248/bpb.b17-00141
http://dx.doi.org/10.3164/jcbn.17-6
http://dx.doi.org/10.3164/jcbn.17-6
http://dx.doi.org/10.3164/jcbn.17-6
http://dx.doi.org/10.3164/jcbn.17-6
http://dx.doi.org/10.3390/nu9070777
http://dx.doi.org/10.3390/nu9070777
http://dx.doi.org/10.3390/nu9070777
http://dx.doi.org/10.3390/nu9070777
http://dx.doi.org/10.3177/jnsv.50.410
http://dx.doi.org/10.3177/jnsv.50.410
http://dx.doi.org/10.3177/jnsv.50.410
http://dx.doi.org/10.3177/jnsv.50.410
http://dx.doi.org/10.1079/BJN2000248
http://dx.doi.org/10.1079/BJN2000248
http://dx.doi.org/10.1079/BJN2000248
http://dx.doi.org/10.1079/BJN2000248
http://dx.doi.org/10.1079/BJN2000248
http://dx.doi.org/10.2188/jea.15.S220
http://dx.doi.org/10.2188/jea.15.S220
http://dx.doi.org/10.2188/jea.15.S220
http://dx.doi.org/10.2188/jea.15.S220
http://dx.doi.org/10.1017/S0007114509382124
http://dx.doi.org/10.1017/S0007114509382124
http://dx.doi.org/10.1017/S0007114509382124
http://dx.doi.org/10.1017/S0007114509382124
http://dx.doi.org/10.1017/S0007114509382124
http://dx.doi.org/10.1017/S0007114515003268
http://dx.doi.org/10.1017/S0007114515003268
http://dx.doi.org/10.1017/S0007114515003268
http://dx.doi.org/10.1017/S0007114515003268
http://dx.doi.org/10.1017/S000711451400316X
http://dx.doi.org/10.1017/S000711451400316X
http://dx.doi.org/10.1017/S000711451400316X
http://dx.doi.org/10.1017/S000711451400316X
http://dx.doi.org/10.1186/1476-511X-11-52
http://dx.doi.org/10.1186/1476-511X-11-52
http://dx.doi.org/10.1186/1476-511X-11-52
http://dx.doi.org/10.1186/1476-511X-11-52
http://dx.doi.org/10.1007/s00198-010-1239-9
http://dx.doi.org/10.1007/s00198-010-1239-9
http://dx.doi.org/10.1007/s00198-010-1239-9
http://dx.doi.org/10.1007/s00198-010-1239-9
http://dx.doi.org/10.1007/s00198-010-1239-9
http://dx.doi.org/10.3136/nskkk.57.114
http://dx.doi.org/10.3136/nskkk.57.114
http://dx.doi.org/10.3136/nskkk.57.114
http://dx.doi.org/10.3136/nskkk.57.114
http://dx.doi.org/10.1017/S0007114516000374
http://dx.doi.org/10.1017/S0007114516000374
http://dx.doi.org/10.1017/S0007114516000374
http://dx.doi.org/10.1017/S0007114516000374
http://dx.doi.org/10.1016/j.fct.2017.07.008
http://dx.doi.org/10.1016/j.fct.2017.07.008
http://dx.doi.org/10.1016/j.fct.2017.07.008
http://dx.doi.org/10.1016/j.fct.2017.07.008
http://dx.doi.org/10.2174/1566524017666171106112131
http://dx.doi.org/10.2174/1566524017666171106112131
http://dx.doi.org/10.2174/1566524017666171106112131
http://dx.doi.org/10.1136/bmjdrc-2015-000147
http://dx.doi.org/10.1136/bmjdrc-2015-000147
http://dx.doi.org/10.1136/bmjdrc-2015-000147
http://dx.doi.org/10.1136/bmjdrc-2015-000147
http://dx.doi.org/10.1210/en.2014-1776
http://dx.doi.org/10.1210/en.2014-1776
http://dx.doi.org/10.1210/en.2014-1776
http://dx.doi.org/10.1210/en.2014-1776
http://dx.doi.org/10.1210/en.2014-1776
http://dx.doi.org/10.1248/yakushi.16-00017
http://dx.doi.org/10.1248/yakushi.16-00017
http://dx.doi.org/10.1248/yakushi.16-00017
http://dx.doi.org/10.1016/j.bios.2004.02.012
http://dx.doi.org/10.1016/j.bios.2004.02.012
http://dx.doi.org/10.1016/j.bios.2004.02.012
http://dx.doi.org/10.1016/j.psyneuen.2012.06.013
http://dx.doi.org/10.1016/j.psyneuen.2012.06.013
http://dx.doi.org/10.1016/j.psyneuen.2012.06.013
http://dx.doi.org/10.1016/j.psyneuen.2012.06.013
http://dx.doi.org/10.1016/j.biopsycho.2011.07.007
http://dx.doi.org/10.1016/j.biopsycho.2011.07.007


1408� Vol. 42, No. 8 (2019)Biol. Pharm. Bull.

mood states. Biol. Psychol., 88, 170–173 (2011).
29) Wingenfeld K, Schulz M, Damkroeger A, Philippsen C, Rose M, 

Driessen M. The diurnal course of salivary alpha-amylase in nurses: 
an investigation of potential confounders and associations with 
stress. Biol. Psychol., 85, 179–181 (2010).

30) Nater UM, Rohleder N, Schlotz W, Ehlert U, Kirschbaum C. De-
terminants of the diurnal course of salivary alpha-amylase. Psycho-
neuroendocrinology, 32, 392–401 (2007).

31) Räikkönen K, Matthews KA, Pesonen AK, Pyhälä R, Paavonen 
EJ, Feldt K, Jones A, Phillips DI, Seckl JR, Heinonen K, Lahti J, 

Komsi N, Järvenpää AL, Eriksson JG, Strandberg TE, Kajantie E. 
Poor sleep and altered hypothalamic-pituitary-adrenocortical and 
sympatho-adrenal-medullary system activity in children. J. Clin. 
Endocrinol. Metab., 95, 2254–2261 (2010).

32) van Stegeren A, Rohleder N, Everaerd W, Wolf OT. Salivary alpha 
amylase as marker for adrenergic activity during stress: effect of 
betablockade. Psychoneuroendocrinology, 31, 137–141 (2006).

33) Katz DA, Peckins MK. Cortisol and salivary alpha-amylase trajec-
tories following a group social-evaluative stressor with adolescents. 
Psychoneuroendocrinology, 86, 8–16 (2017).

http://dx.doi.org/10.1016/j.biopsycho.2011.07.007
http://dx.doi.org/10.1016/j.biopsycho.2010.04.005
http://dx.doi.org/10.1016/j.biopsycho.2010.04.005
http://dx.doi.org/10.1016/j.biopsycho.2010.04.005
http://dx.doi.org/10.1016/j.biopsycho.2010.04.005
http://dx.doi.org/10.1016/j.psyneuen.2007.02.007
http://dx.doi.org/10.1016/j.psyneuen.2007.02.007
http://dx.doi.org/10.1016/j.psyneuen.2007.02.007
http://dx.doi.org/10.1210/jc.2009-0943
http://dx.doi.org/10.1210/jc.2009-0943
http://dx.doi.org/10.1210/jc.2009-0943
http://dx.doi.org/10.1210/jc.2009-0943
http://dx.doi.org/10.1210/jc.2009-0943
http://dx.doi.org/10.1210/jc.2009-0943
http://dx.doi.org/10.1016/j.psyneuen.2005.05.012
http://dx.doi.org/10.1016/j.psyneuen.2005.05.012
http://dx.doi.org/10.1016/j.psyneuen.2005.05.012
http://dx.doi.org/10.1016/j.psyneuen.2017.08.021
http://dx.doi.org/10.1016/j.psyneuen.2017.08.021
http://dx.doi.org/10.1016/j.psyneuen.2017.08.021

