
Natural Science, 2016, 8, 381-396 
http://www.scirp.org/journal/ns 

ISSN Online: 2150-4105 
ISSN Print: 2150-4091 

DOI: 10.4236/ns.2016.89042  September 8, 2016 

 
 
 

Questionnaire and Intervention Study on Effects  
of Drinking Cows’ Milk at Breakfast on the 
Circadian Typology and Mental Health of  
Japanese Infants Aged 1 - 6 Years 

Takahiro Kawada1,2, Hitomi Takeuchi1, Miyo Nakade3, Fujiko Tsuji1,4, Milada Krejci4,  
Teruki Noji2, Nozomi Taniwaki5, Tetsuo Harada1* 

1Laboratory of Environmental Physiology, Graduate School of Integrated Arts and Sciences, Kochi University, Kochi, Japan 
2Center for Regional Collaboration, Kochi University, Kochi, Japan 
3Department of Nutritional Management, Faculty of Health and Nutrition, Tokai-Gakuen University, Miyoshi, Japan  
4University of Physical Education and Sport PALESTRA in Prague, Prague, Czech Republic 
5Kindergarten Affiliated to Faculty of Education, Kochi University, Kochi, Japan  

  
 
 

Abstract 
This study examines relationship between drinking cows’ milk at breakfast and sev-
eral mental and physical characteristics (the diurnal type, sleep habits and mental 
condition as anger, out of control of emotion, irritation and depression) of Japanese 
small children aged 1 - 6 years old. A questionnaire study and an intervention one 
were performed in this study. An integrated questionnaire was administered, in July 
2014 to 1112 participants attending one of 10 nursery school and 1 kindergarten lo-
cated in Kochi (33˚N, 133˚E), Japan, and 582 parents (mostly mothers) which ans-
wered it instead of children (rate of answer: 51.9%). Intervention was done to 111 
children attending the kindergarten. Seventy six parents answered the questionnaire 
which was administered 3 months after the intervention days of 21 (rate of answer: 
51.9%). There are two contents of intervention, one is the distribution of cows’ milk 
for 21 days to be drunk at breakfast and another is the distribution of leaflet entitled 
“Go to bed early! Get up early! and Take nutritionally rich breakfast and cows’ milk!” 
just before the intervention. Just before the intervention, letter was distributed to 111 
parents who were asked for their children to follow the contents of the leaflet and 
drink the cows’ milk distributed every day for the 21 days. Small children who drink 
cows’ milk at breakfast more than once per week and take nutritionally rich breakfast 
more than 4 times per week are more morning-typed than the other three groups in 
which children fit into one or none of the two issues of taking morning cows’ milk 
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and rich breakfast (p < 0.001). In this intervention study, there was positive correla-
tion between the days when both cows’ milk and main dish (protein rich resource) 
were taken at breakfast and the diurnal type scores three months after the interven-
tion period of 21 days (high implementation with morning type) (r = 0.416, p = 
0.004). Also there was positive correlation between the implementation value for the 
21 days and the diurnal type score 3 months later (r = 0.301, p = 0.018). Drinking 
cows’ milk at breakfast seems to be effective for small children to become more 
morning-typed through two sets of syntheses from tryptophan via serotonin into 
melatonin in the evening. 
 

Keywords 
Drinking Cows’ Milk at Breakfast, Circadian Typology, Mental Health,  
Intervention, Japanese Infants 

 

1. Introduction 

Breast milk and sleep health in infants 
There have been several studies on the relationship between taking breast milk and 

sleep health in human babies. For example, the nucleotides 5’AMP and 5’GMP in the 
human breast milk showed circadian rhythms, with the acrophases of the first two be-
ing during the night, and with the scotophases of the latter two during the day. While 
5’UMP did not show a clear circadian rhythm, there was an increase in its levels at 
night. The rise in nocturnal levels of 5’AMP, 5’GMP, and 5’UMP could be involved in 
inducing the ‘hypnotic’ action of breast milk at night in the infant [1]. On the other 
hand, the circadian rhythms of tryptophan level were observed in the breast milk of 
mothers and also 6-sulfatoxymelatonin circadian rhythm of the breast-fed infants was 
seen [2]. Acrophase in circadian rhythm of tryptophan concentration in the breast milk 
occurred at around 03:00 [2]. Another circadian rhythm of the 6-sulfatoxymelatonin 
with the peak at 06:00 followed the rhythm of tryptophan in the infants [2]. This tryp-
tophan intake in the infants might promote sleep of them and sleep efficiency was sig-
nificantly increased in the breast fed infants compared with the formula fed infants [2]. 

Effects of drinking cows’ milk on sleep health and mental health 
What have been the studies on the effects of drinking cows’ milk on the sleep and 

mental health of human? Already sixty years ago, adults which took a meal of 
cornflakes and milk were reported to exhibit a greater tendency toward uninterrupted 
sleep [3]. Brezinova and Oswald [4] reported that sleep of older people was shown to be 
improved when they fed a milk and cereal meal at bedtime by using electro-encepha- 
lography. On the other hand, the cows’ milk has long been considered a relaxation be-
verage with sleep-inducing properties [5]. Recently Takeuchi et al. [6] reported a ques-
tionnaire study to examine the relationship between drinking cows’ milk at breakfast 
and circadian typology in 740 Japanese infants aged 1 - 6 years old. Infants who drink 
cows’ milk at breakfast showed 21.2 (±3.4 of SD) on average of Diurnal Type Scale 
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Score (DTSS) which tended to be higher (more morning-typed) than 20.7 (±3.5) shown 
by those who did not drink cows’ milk (p = 0.085). Infants who took carbohydrate (or 
carbohydrate and protein resource) plus cows’ milk at breakfast were significantly more 
morning-typed than those who took only carbohydrate (or carbohydrate and protein 
resource) (p < 0.001). However, this study cannot discuss on the causal relationship of 
drinking milk to the shift to morning-typed life in the infants. 

Underling mechanism as a series of synthesis from tryptophan via serotonin into 
melatonin in human brain 

Taking tryptophan-rich foods at breakfast has been shown to be critical for people 
especially small children for keeping mental health and morning-typed life through se-
rotonin and melatonin synthesis [7]-[10]. For children, cows’ milk would be useful re-
source for taking tryptophan at breakfast, because morning at home could be very busy 
time and there would be only limited time for breakfast and cows’ milk is very easy to 
drink. However, there have been no studies on whether there would be a causal rela-
tionship of drinking cows’ milk at breakfast to improvement of circadian typology 
(shifting to morning-type), sleep health and mental health in young children. This 
study aims to answer the question using an intervention methodology. 

2. Participants and Methods 
2.1. A Questionnaire Study 

An integrated questionnaire for young children and their parents (mostly mothers) was 
administered to 1122 small children (attending to one of 10 nursery schools and 1 kin-
dergarten in Kochi City, 133˚N 33˚E) aged 1 - 6 years old and 582 parents (almost 
mothers, 51.9%) who completed it in July (Table 1). Four hundred and sixty seven 
(females: 228, males: 239) answers of 582 were valuable for statistical analysis. There 
was more than 0.85 of r-value of Pearson’s correlation value between The Diurnal Type 
Scale Score [11] and The Morningness-Eveningness Questionnaire Score [12] in com-
mon Japanese university students (Harada et al., unpublished). 
 
Table 1. Fundamental data of this questionnaire study. 

A.  

Time of questionnaire study July 2014 

Number of data Distribution 1221 

 Collection 582 (collection rate: 51.9%) 

 Valid number of answers 467 

B.  

Sex rate of parents Males: 29 (6.2%)  Females: 437 (93.8%) 

Sex rate of children Males: 239 (51.2%)  Females: 228 (48.8%) 

Mean and SD of age Parents: 35.6 plus/m inus 5.3  Children: 3.8 plus/minus 1.2 



T. Kawada et al. 
 

384 

2.2. An Intervention Study  

After answers to the questionnaire were collected, 111 kindergarten children were 
asked to follow the contents of a leaflet, entitled “Go to bed early! Get up early! Let’s 
take a protein rich breakfast! And drink cows’ milk at breakfast!” for the intervention 
21 days just before which a 200 ml cows’ milk (21 bottles as vacuum backs per one 
child) distributed and the children were asked to drink every morning at breakfast. The 
integrated questionnaire was administrated to the 111 kindergarten children three 
months later after the 21 days intervention period. Parents of the 111 kindergarten 
children put the same identity numbers as secret numbers on the both questionnaires 
before and 3 months later the intervention. Only forty eight answers which were availa-
ble for “paired-analysis” were corresponding among 3 questionnaires before and 3 
months after the intervention and implementation sheet (questionnaire) (Table 2). 

2.3. The Integrated Questionnaire 

The integrated questionnaire included questions on sleep habits, meal habits, habits of 
drinking milk (Table 3), the diurnal type scale [11], mental health (anger and depres-
sion), and implementation sheet (7 issues: 1: “No Game Day”, 2: “No TV Day”, 3: 
“Evening lighting of orange lights with low color-temperature”, 4: “Sun light exposure 
after breakfast”, 5: “Sun light exposure early in the morning”, 6: “Taking protein re-
sources at breakfast” and 7: “Drinking cows’ milk at breakfast”).  
 
Table 2. Fundamental data on number of answers in this intervention study for small children 
(%). 

 Males Females In total 

Before intervention 48 (52.7) 43 (47.3) 91 

3 months later 41 (54.7) 34 (45.3) 75 

Corresponding answers 1* 38 (57.6) 28 (42.4) 66 

Corresponding answers 2** 26 (54.2) 22 (45.8) 48 

*Between “before” and three months “after” intervention; **Between “before” and “implementation for the 21 days”. 

 
Table 3. Questions on habits of drinking cows’ milk in Japanese small children aged 1 - 6 years 
old. 

Q1. Does your child drink cows’ milk in usual life? If so, how frequently? 

A1: (1) Yes (1. Every day, 2. 4 - 5 times per week, 3. 2 - 3 times, 4. 0 - 1 time), 

 (2) No 

Q2: What kind of occasion? 

A2: (1) at meals, (2) after the exercise, (3) after wake up, 

 (4) after taking bath, (5) before going to bed, (6) others 

 [multiple answers available] 
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2.4. Statistic Analysis 

The data were statistically analyzed using χ² test for categorized scales, Mann-Whitney 
U-tests and Kruskal-Wallis test for ordinal scales, Wilcoxon-test for paired analysis, 
and Pearson’s correlation analysis using SPSS statistical software (12.0 J Windows; SPSS 
Inc. Chicago, IL, USA). 

2.5. Ethic Treatment 

The study followed the guidelines established by the Chronobiology International 
journal for the conduct of research on human subjects [13]. Before administrating the 
questionnaires, each participant (parents or guardians) was given a written explanation 
that detailed the concepts and purposes of the study and stated that their answers 
would be used only for academic purposes. After the above explanation, all parents (or 
guardians) agreed completely with the proposal. The study was also permitted by the 
kindergarten nurses’ committees of the ten nursery schools and one kindergarten 
which carried out an ethical inspection of the contents of the questionnaire and detailed 
planning of contents of intervention which can be estimated to improve health of the 
children who participated in this intervention. As the young children could not com-
plete the questionnaires themselves, their parents (mostly mothers) or guardians com-
pleted them on their behalf. 

3. Results 
3.1. A Questionnaire Study  

Ninety five percent and 59% of children and their mothers, respectively, had a habit to 
drink cows’ milk (Figure 1(a)). Sixty one or seventy seven percent of children and their 
mothers, respectively, drank cows’ milk once per day, whereas 39% and 23% of them 
drank it twice per day (Figure 1(b)). Forty two and thirty nine percents of children and 
their mothers had a habit to drunk cows’ milk every day, while 27% and 35% of them 
drink it two or three days per week (Figure 1(c)). More than 90% of infants took rela-
tively small amount of cows’ milk less than 100 ml per one drinking, and about 60% of 
the infants took natural cows’ milk (Table 4). 
 
Table 4. I can ask a question on participants who answered “Yes” to Q 1 in Table 3. What quan-
tity per one drinking?, what kind of cows’ milk does your child drink? 

A. What quantity per one drinking (ml) 

 (1) 0 - 50 (2) 50 - 100 (3) 100 - 200 (4) 200 - 350 (5) >350 

 96 (25.8) 138 (37.1) 107 (28.8) 26 (7.0) 5 (1.3) 

B: What kind of cows’ milk? 

 
(1) Natural with 

no artificial control 
(2) Artificial control 

with lower fat 
(3) Artificial mild  

with higher density 
(4) Artificial milk 
with Ca2+ or Fe2+ 

(5) Others 

 279 (59.7) 60 (12.8) 4 (0.9) 56 (12.0) 3 (0.6) 
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Figure 1. Fundamental data of children and their mothers on milk consumption. 
 

Seventy one percent and 82 % of children and their mothers, respectively, as drinkers 
had a habit to drink it in the morning of 6:00-9:00 (Figure 2(a), Figure 3(a)). Seventy 
one and sixty four percent of children and their mothers, respectively, as drinkers 
drank cows’ milk at meals (Figure 2(b)). Seventy eight percent of the young children 
had a habit to took cows’ milk and/or products made from cows’ milk (Figure 3(b)). 
Seventy seven percent of them preferred to drink cows’ milk (“relatively like”, “like” or 
“favorite”) (Figure 3(c)).  

Children who had a habit to drink cows’ milk are significantly more morning–typed 
than those who did not (Mann-Whitney U-test: z = −2.49, p = 0.013) (Figure 4(a)). 
Rate of morning-typed children in the group which drank cows’ milk every day was 
significantly higher than that in another group which did it with lower frezuency (χ2 
test: χ2 value = 13.319, df = 4, p = 0.01) (Figure 4(b)). Children who drank cows’ milk 
in the morning were significantly more morning typed than those who did it in the 
other zones of (time of) day (Kruskal Wallis test, χ2 = 27.36, df = 4, p < 0.001) (Figure 
5(a)). In the group of children who drank cows’ milk in the evening, children who 
drank it in 19:00-20:00 were more morning typed than those who drank it 18:00-19:00 
or 20:00-22:00 (Kruskal Wallis test, χ2 = 13.07, df = 3, p = 0.004) (Figure 5(b)).  

Children who took nutritionally rich breakfast, more than 4 days per week, including 
carbohydrate (for example boiled rice, bread and serial), protein (for example fishes 
and meats) and vitamins and minerals (for example vegetables and fruits) and also had 
a habit to drink cows’ milk were more morning-typed (Kruskal-Wallis test: χ²-value = 
45.8, df = 3, p < 0.001) (Figure 6(a)) and showed higher quality of night sleep (Figure 
6(b)) (Kruskal Wallis test, χ2 = 13.91, df = 3, p = 0.003) than the other children (rich 
breakfast but no milk, drinking milk but poor breakfast, poor breakfast and no milk). 
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Figure 2. Time of day and what kind of cows’ milk do children and their mothers drink? 
 

 
Figure 3. Fundamental habit to drink and consume cows’ milk and product from milk. 
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Figure 4. Relationship between the frequency to drink cows’ milk and circadian typology in Japanese small 
children aged 1 - 6 years. 

 

 
Figure 5. Relationship between time of day when small children drink cows’ milk and the diurnal type scale. 
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Figure 6. Relationship between whether Japanese children drink cows’ milk at breakfast and nu-
tritionally rich breakfast, and the diurnal type scale scores and sleep quality (lower scores with 
higher quality of sleep). 

3.2. An Intervention Study 

Children who drank cows’ milk in 16 - 21 days during the 21 days intervention period 
occupied 67.2% of all participants (Figure 7(a)). Sixty one percent and 64% of the 
children continued to drink cows’ milk and also continued to take nutritionally rich 
breakfast currently even three months after the intervention period (Figure 7(b)). 
During the intervention 21 days and 3 months after that, 34 children (51.5%) and 22 
ones (33.3%), respectively, of 66 participants increased the frequency to drink cows’ 
milk in comparison with that at the beginning of intervention, whereas only 2 children 
(3.0%) and 6 ones (9.1%) decreased the frequency (Figure 7(c)).  

Twenty six children of 47 participants implemented one of two issues of “drinking 
cows’ milk” and “taking nutritionally rich breakfast” through all the 21 interpretation 
days, whereas only five ones implemented both through the 21 days (χ2-test, χ2 value = 
19.656, df = 1, p < 0.001) (Figure 8). Children who occupied 25% as morning-typed 
group were significantly shifted to more evening-typed after the 21 days intervention 
and the 3 months (Figure 9(a): Wilcoxon’s test, z = −2.622 , p = 0.009), whereas the 
other 75% as moderate and evening-typed group were significantly shifted to more 
morning-typed (Figure 9(a): Wilcoxon’s test, z = −2.766, p = 0.006) (Figure 9(b): 
morning-type group versus the others, Mann-Whitney U-test, z = −3.59, p < 0.001).  

Both in the morning-typed group and the other group, the frequency to be depressed 
3 months after the intervention was significantly less than that before the intervention 
(Wilcoxon’s test, all children: z = −3.879, p < 0.001; the morning-typed group: z = 
−1.732, p = 0.083; the others: z = −3.358, p = 0.001) (Figure 10). There was positive 
correlation between the implementation days on which the children took a nutritionally  
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Figure 7. Implementation days of drinking cows’ milk for the three weeks intervention days and three weeks after the interven-
tion 3 weeks in the Japanese small children attending a kindergarten. 

 

 
Figure 8. Implementation days of drinking cows’ milk and/or taking nutritional breakfast. 
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Figure 9. Change in the diurnal type scores before and after the intervention3 weeks in Japanese kindergarten children. 

 

 
Figure 10. Change in the frequency of depression before and after the intervention three months. 
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rich breakfast and also drank cows’ milk at breakfast, and the diurnal type scale scores 
three months after the intervention (Pearson’s correlation analysis: r = 0.416 , p < 
0.001) (Figure 11). 

Children who drank cows’ milk on 4 - 9 days during the intervention 21 days shifted 
to more morning-typed 3 months after the intervention, whereas those who did it only 
0 - 1 day shifted to more evening-typed (Mann-Whitney U-test: z = −2.353, p = 0.017) 
(Figure 12). More than 50% of children implemented 6 of 7 contents of the interven-
tion on 11-15 days or more during the 21 days and also for 3 months after the interven-
tion (Figure 13(a) and Figure 13(b)). However, only 20% and 37% of children imple-
mented “No TV watching” on 11 - 15 days or more during the 21 days and also for 3 
months after that, respectively (Figure 13(a) and Figure 13(b)). There were signifi-
cantly positive correlations between the frequency of implementation of 7 contents 
during the 21 days (Pearson’s test: r = 0.301 p = 0.018) and that during 3 months (r = 
−0.421 p = 0.002) after the 21 days, and also the diurnal type scores (more morning- 
typed with more implementation: Figure 14).  

4. Discussion  

In the fundamental questionnaire study, the habit to drink cows’ milk in the morning 
seems to occupy the majority of Japanese infants. This habit to drink it might be effec-
tive for them to be more morning-typed, have a better sleep health and also promote 
mental health based on this intervention study. Tryptophan included in cows’ milk 
taken at breakfast would be effective on promoting better mental health and morn-
ing-typed life through serotonin and melatonin synthesis like as other protein resources 
of fermented soybeans, eggs, dried fishes, hams and so on [7]-[10]. Morning peak of  
 

 
Figure 11. The diurnal type scale scores just after the intervention, and the implementation days 
to drink cows’ milk at breakfast and also to take nutritionally rich breakfast for the 3 weeks. 
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Figure 12. Change in the diurnal type scale scores before and after the intervention 3 weeks in 
the children who drunk cows’ milk only less than 10 days during the intervention 3 weeks. 
 

 
(a)                                        (b) 

Figure 13. Implementation percent for the intervention 3 weeks (a) and 3 months after the intervention (b) on the contents of 
a leaflet “Let’s make sure it because of drinking cows’ milk at breakfast!” Three benefits of “Go to bed earlier! Get up earlier! 
and Taking nutritionally rich breakfast!” in Japanese Kindergarten children. 
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Figure 14. Relationship between the diurnal type of infants three months after the intervention 3 
weeks, and index of the implementation of 7 issues of the leaflet during the 3 months after the 
intervention. 
 
serotonin in cerebrospinal fluid and evening peak of plasma melatonin could be a zeit-
geber for human circadian clock in suprachiasmaic nucleus (SCN) [14]. For Japanese 
children, cow milk can be important resource for taking tryptophan at breakfast be-
cause of limited meal time in the morning based on the result of this intervention study.  

There have been intervention studies by Ishii et al. [15] [16] on promoting health of 
Japanese elementary school students with drinking cows’ milk. Ishii et al. [16] reported 
that the after-school drinking of cows’ milk enhanced the preference to take breakfast 
and lunch. Moreover, Ishii et al. [16] performed the intervention of inter-classes drink-
ing cows’ milk in the morning and it increased the concentration into classes after tak-
ing cow milk in comparison with the control group which has not drunk it.  

Implementation of drinking cows’ milk would be relatively easy, while that to watch 
no TV in the evening is difficult for Japanese infants. Watching TV for long-hours in 
the evening could make children evening-typed. The short-wave lights could impress 
the plasma melatonin in the evening, and melanopsin (peak wave length to absorve: 
460 nm) is key functional substance in neuroganglion cells in retina, to depress the me-
latonin [17] [18]. Intervention to recommend no-TV watching at night is important. 

Nakagawa [19] reported that drinking cows’ milk by Japanese infants could lead to 
increase an integrated health score which consists of four issues dealing with “catching 
cold”, “attack of fever”, “appetite level”, “irritation and diarrhea”. However, these phy-
siological and psychological positive effects of drinking cows’ milk did not mention 
about “circadian timing” of the milk supplement. This study implies that the “drinking 
by small children in the morning” of the cows’ milk can make their circadian clocks be 
in phase-advance especially for “evening-typed” infants based on the intervention study 
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at the first time.  

5. Conclusion 

In the questionnaire study, the Japanese infants who had drunk cows’ milk every 
morning were significantly morning-typed than those who had not drunk it (p = 0.01). 
Drinking cows’ milk at a breakfast seems to be effective for small children to become 
more morning-typed through two sets of syntheses from tryptophan via serotonin into 
melatonin in the evening.   
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