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ABSTRACT 

Objective: With regard to the 2010 edition of Dietary Reference Intakes for Japanese (DRIs-2010), we investigated 
whether the DRIs for two age groups, breast-fed infants aged 6 - 8 and 9 - 11 months, can be fulfilled for every nutrient 
in actual dietary practice. Design: We evaluated 1) whether the DRIs for all nutrients can be fulfilled in a formula with 
energy and protein exceeding their DRIs, 2) whether the DRIs for all nutrients can be fulfilled in a formula prepared in 
accordance with Japanese government-recommended weaning guidelines, and 3) what kinds of formulas can be pre-
pared if the DRIs for all nutrients are fulfilled without referring to the weaning guidelines. Setting: Simulation of diet 
menu on the basis of published data in our university and survey of diet menu in a university hospital attached to a na-
tional medical school. Subjects: The three types of formulas were planned for ten days. Results: It was impossible to 
simultaneously fulfil the DRIs for 6 - 8-month-old infants concerning pantothenic acid, vitamin D, and iron and those 
for 9 - 11-month-old infants concerning these nutrients plus protein. Conclusion: According to the DRIs-2010, the DRI 
for all nutrients could not be fulfilled in an ingestible formula. 
 
Keywords: Dietary Reference Intakes, Breast-Fed Infants (6 - 11-Month-Old), Pantothenic Acid, Protein, Vitamin D, 

Iron 

1. Introduction 

The 2010 edition of Dietary Reference Intakes for Japa-
nese established by the Ministry of Health, Labour and 
Welfare [1] (DRIs-2010) was released in May 2009 (Ta-
ble 1). In the 2010 version [1], the DRIs for 6 - 11 
-month-old infants have been increased for vitamins A 
and D, decreased for manganese and iron, and unchanged 
for pantothenic acid, compared to the respective values in 
the 2005 version [2]. The previous DRIs for several other 
nutrients have also been revised upward or downward. In 
the National Health and Nutrition Survey in Japan [3], 
DRIs for 6 - 11-month-old infants are determined by 
conventional calculation methods and methods used 
overseas, because there have been no report concerning 
such infants, and their actual dietary intakes have not 
been clarified. Whether DRIs of all nutrients can be ful-
filled by everyday menus is uncertain. In our previous 

report [4], we stated, “the contents of pantothenic acid, 
vitamin D, manganese, and iron were lower than DRIs 
and the vitamin A content exceeded the Tolerable Upper 
Intake Level (UL),” for 6 - 11-month-old breast-fed in-
fants as recommended in the 2005 version of Dietary 
Reference Intakes for Japanese.  

In this study, we evaluated whether formulas that fulfil 
the DRIs-2010 [1] for all nutrients can be prepared in 
compliance with the Recommendations for Conducting 
Weaning in the Guidebook for Supporting Feeding and 
Weaning [5] for 6 - 11-month-old breast-fed infants. 

2. Experimental Methods 

2.1. Nutrient Content of Weaning Formulas and 
Types of Weaning Meals 

According to the DRIs, the estimated energy requirement 
of 6 - 11-month-old infants is lower in females than in  
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Table 1. Revisions made in the 2010 Dietary Reference In-
takes (DRI) for Japanese type of DRI. 

Type of DRI 
6 - 8 

months 

9 - 11 

months 

Boy 650 Boy 700
Energy EER kcal 

Girl 600 Girl 650

Protein AI g 15 25 

Fat-energy ratio AI % 40 

Vitamin B1 AI mg 0.3 

Vitamin B2 AI mg 0.4 

Niacin AI mg 3 

Vitamin B6 AI mg 0.3 

Folic acid AI g 65 

Vitamin B12 AI g 0.6 

Pantothenic acid AI mg 5 

Vitamin C AI mg 40 

AI 400 
Vitamin A 

UL 

gR

E 600 

Vitamin E AI mg 3.5 

AI 5.0 
Vitamin D 

UL 
g 

25 

Vitamin K AI mg 7 

Magnesium AI mg 60 

Calcium AI mg 250 

Phosphorus AI mg 260 

Manganese AI mg 0.5 

EAR 3.5 

Boy 5.0 Iron 
RDA 

mg 

Girl 4.5 

Copper AI mg 0.3 

Zinc AI mg 3 

Potassium AI mg 700 

DRI, dietary reference intakes; EER, estimated energy requirement; AI, 
adequate intake; UL, tolerable upper intake level; EAR, estimated average 
requirement; RDA, recommended dietary allowance. Biotin, iodine, sele-
nium, chromium, and molybdenum were excluded from the evaluation, 
because they are not mentioned in the Standard Tables of Food Composition 
in Japan. 

 
males, but the recommended nutrient intakes except that 
for iron are the same in males and females. In females, as 
each DRI must be met with a lower energy intake, menus 
are more difficult to prepare. In this study, we used the 
DRIs-2010 [1] for females aged 6 - 8 and 9 - 11 months 
as the target energy/nutrient intakes.  

From the weaning guidelines [5], the recommended 
food-group intakes for infants aged 7 - 8 and 9 - 11 
months were selected as the target weaning meal intakes. 
The guidelines categorizes infants into four age groups (5 
- 6-, 7 - 8-, 9 - 11-, and 12 - 18-month-old infants), and 
suggests adequate ranges of food-group intakes and food 
combinations by age group except for the 5 - 6- and 12 - 
18-month-old infants. The target food-group intakes in 

this study were defined as follows: formulas for 6 - 8- 
-month-old infants prepared according to the weaning 
guidelines’ recommended food-group [5] intake for 7 - 8- 
-month-old infants using the lower limit of the ranges 
(conditions under which the DRIs are difficult to fulfil); 
and formulas for 9 - 11-month-old infants prepared ac-
cording to the weaning guidelines’ recommended food- 
group [5] intake for 9 - 11-month-old infants using the 
upper limit of the ranges (conditions under which the 
DRIs are more likely to be fulfilled).  

The nutrient contents of weaning meals were calcu-
lated using the Standard Tables of Food Composition in 
Japan (fifth revised edition) [6]. Since these food compo-
sition tables show fatty acid contents of only a small 
number of food items and did not describe biotin, iodine, 
selenium, chromium, and molybdenum, these nutrients 
were excluded from the present assessment. 

2.2. Types of Weaning Formulas 

We prepared the following weaning formulas: hospital 
formulas, which were based on the feeding regimens that 
were used in a hospital to provide energy and protein at 
levels above the DRIs-2010 [1]; formulas based on 
weaning guidelines, which were designed to provide en-
ergy and protein at levels equal to the DRIs-2010 and 
follow the weaning guidelines [5]; and conformity for-
mulas, which were designed to maximally reflect the 
DRI-2010 for each nutrient without following the wean-
ing guidelines. Furthermore, since the formulas based on 
weaning guidelines were eventually found not to satisfy 
the DRIs-2010 for pantothenic acid, vitamin D, and iron 
for both age groups, and protein for 9 - 11-month-old 
infants, we modified the formulas based on weaning 
guidelines to fulfil one of these nutrients (hereafter des-
ignated formulas with 100% DRI for pantothenic acid, 
vitamin D, iron, or protein). 

2.3. Food-Group and Nutrient Contents 

With regard to weaning meals incorporating each wean-
ing formula, their food-group contents (per one meal) 
were calculated by the categories of grains (group I), 
vegetables and fruits (group II), and protein sources in-
cluding fish, meat, tofu, eggs, and dairy products (group 
III), averaged over 10 days, and expressed as percentages 
relative to the target food-group intakes (per one meal) 
recommended in the weaning guidelines [5] (Table 2).  

The target energy/nutrient intake levels based on the 
DRIs-2010 were further defined as follows: estimated 
energy requirement, (EER); iron (for which an adequate 
intake (AI) has not been determined), recommended die-
tary allowance (RDA); and other nutrients, AI. The en-
ergy and nutrient contents (mean over 10 days) were  
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Table 2. Values shown by the recommendations for con-
ducting weaning (guidebook for supporting feeding and 
weaning, Ministry of Health, Labour and Welfare [5]). 

 7 - 8 months 9 - 11 months 

I Grains 
Soft boiled rice 

50 - 80 g  2 
Soft boiled rice 90 g  3

- Rice gruel 80 g 3 

II Vegetables Fruits 20 - 30  2 30 - 40 g  3 

Fish 10 - 15 g 15 g 

Meat 10 - 15 g 15 g 

Tofu 30 - 40 g 45 g 

Eggs 
Yolk of 1 egg 

- 1/3 of entire egg 
1 egg 

III 

Dairy 
products 

50 - 70 g 80 g 

 
calculated for each type of weaning formula prepared for 
infants (with or without breast milk), and fulfilment rates 
(FRs) for energy and nutrients were estimated as per-
centages of the mean values relative to the respective 
target intake levels.  

The nutrient contents of the formulas with 100% DRI 
for pantothenic acid, vitamin D, iron or protein were also 
evaluated in terms of FR, with a particular focus on nu-
trients providing a FR of ≤80% or ≥200%. 

2.4. Evaluation by Nutritional Components 

To evaluate issues that arose in formulas on the basis of 
the Standard Tables of Food Composition [6], the con-
tents of pantothenic acid, vitamin D (except in vegeta-
bles), and iron vs. energy and protein in fish, meat, and 
vegetables (except processed foods) were examined. 

2.5. Statistical Procedure 

Data were analyzed using the SPSS (version 17.0, SPSS 
Inc., 2008). The relationships among the contents of 
pantothenic acid, vitamin D (except in vegetables), iron, 
energy, and protein in fish, meat, and vegetables (except 
processed foods) were evaluated using Spearman’s rank 
correlation coefficient. 

3. Results 

3.1. Hospital Formula 

The food-group contents of the hospital formulas for 
infants were larger than the target values recommended 
in the weaning guidelines [5], except for the group I 
(grains) content of the formula for 9 - 11-month-old in-
fants. The volume of breast milk was 900.0 ml/day in 6 - 
8-month-old infants and 850.0 mL/day in 9 - 11-month- 

old infants (Table 3).  
In these formulas, the FRs of energy and protein ex-

ceeded 100%, and those of vitamin D and iron were be-
low 80%, while those of vitamins A and K were more 
than 200 and 900%, respectively (Table 4). Although the 
fat/energy ratios of the formulas were below the target 
levels, their fat contents were higher than the target val-
ues. 

3.2. Formula Based on the Weaning Guidelines 

Since the amounts of food for 6 - 8-month-old infants 
were the lower limits of the recommended values shown 
in the weaning guidelines, [5] the grain content was 
160.2 ± 2.1%, but the value calculated using the higher 
limits was 100.1 ± 0.3%. In 9 - 11-month-old infants, the 
grain content calculated using the higher limits of rec-
ommended values was 51.4 ± 4.7%, but that calculated 
using the lower limits was 82.2 ± 2.8%. The contents of 
food groups other than grains conformed to the guide-
lines. The amount of breast milk was 600.0 ml/day in 6 - 
8-month-old infants and 448.0 ml/day in 9 - 11-month- 
old infants (Table 3). The FRs of vitamins B1, B6, D, 
pantothenic acid, and iron were below 80%, whereas that 
of vitamin K exceeded 700% in the formulas for infants 
(Table 4). In our previous study [4], the formulas based 
on weaning guidelines did not satisfy the recommended 
manganese intake of the DRIs-2005 [2]; however, in this 
study, the formulas achieved a FR of above 80% for 
manganese, because the manganese DRI in the 2010 ver-
sion [1] has been reduced to less than one-half of the 
previous value. 

3.3. Conformity Formula 

The number of food items used per day was 6.5 ± 0.5 in 
6 - 8-month-old infants and 7.9 ± 1.1 in 9 - 11-month-old 
infants. These food items included brown rice, Egyptian 
spinach (Corchorus olitorius), cauliflower, eel liver, eel 
(cultured), chicken liver, and chicken tenderloin; namely, 
foods that could concomitantly provide high amounts of 
pantothenic acid, vitamin D, and iron. The amount of 
breast milk was 600.0 ml/day in 6 - 8-month-old infants 
and 450.0 ml/day in 9 - 11-month-old infants (Table 3). 
In addition, the daily use of sesame, green laver, and 
Jew’s ear fungus was necessary. To achieve the target 
intake levels required amounts that could not be con-
sumed by 6 - 8-month-old infants.  

Although the formulas for both 6 - 8 and 9 - 11-month- 
old infants met the DRI-2010 [1] for every nutrient, they 
showed a FR of about 200% for several nutrients, in-
cluding most prominently vitamin K, while the FRs of 
pantothenic acid, vitamin D, and iron barely exceeded 
100% (Table 4). 

Copyright © 2011 SciRes.                                                                                  FNS 



Evaluation of the Dietary Reference Intakes for Japanese (2010 Edition): Recommended Protein, Pantothenic Acid, 
Vitamin D, and Iron Intakes for Breast-Fed Infants Aged 6 - 11 Months 

Copyright © 2011 SciRes.                                                                                  FNS 

275

 
Table 3. Amount of foods provided in the sample menus relative to that proposed in the recommendations for conducting 
weaning and daily values of food items. 

6 - 8 months 9 - 11 months 

 Hospital 
formula 

Formula based 
on the weaning 

guidelines 

Conformity 
formula 

Hospital 
formula 

Formula based 
on the weaning 

guidelines 

Conformity 
formula 

 Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 

I Grains (%) 220.0 0.0 160.2 2.1 160.0 0.0 100.0 0.0 51.4 4.7 239.5 81.0 

II Vegetables, Fruits (%) 246.0 33.5 100.2 1.1 160.5 8.8 157.2 40.1 100.5 4.7 103.1 6.0 

Fish (%) 54.7 48.9 22.5 41．3 18.5 38.4 29.5 45.6 20.2 18.2 28.2 29.0

Meat (%) 67.5 42.7 32.5 41.8 13.5 28.3 54.0 46.1 20.9 16.0 23.3 26.7

Tofu (%) 1.2 2.4 17.5 100.6 17.5 109.4 11.3 23.1 19.7 44.3 28.1 86.3

Whole egg Yolk of 1 egg Yolk of 1 egg Whole egg Whole egg Yolk of 1 egg
Eggs (%) 

29.9 40.9 18.5 49.4 11.5 109.4 18.2 35.6 18.3 29.8 37.3 63.7

Dairy products (%) 0.3 0.9 12.5 111.1 16.5 175.7 0.7 3.1 19.8 93.6 34.2 186.3

III 

Total (%) 153.6 103.5 77.5 113.7  98.8  151.2  

Cooking oil (g/day) 0.9 0.5 5.4 1.8 3.1 2.1 1.3 0.8 1.5 1.1 3.7 2.5 

Sugar (g/day) 0.7 0.7 0.1 0.1 2.7 1.3 1.5 0.7 0.4 0.5 1.1 1.3 
Number of food items 
(item/day) 

13.2 0.7 13.2 2.3 6.5 0.5 20.5 0.1 18.4 6.5 7.9 1.1 

Volume of nursing milk 
(mL/day) 

900.0 0.0 600.0 0.0 600.0 0.0 850.0 0.0 448.0 4.0 450.0 0.0 

The amounts of food items contained in the formula based on the weaning guidelines were calculated using the lower (lowest) of the values recommended for 7 

- 8-month-old infants and using the higher (highest) of the values recommended for 9 - 11-month-old infants. 
 

Table 4. Mean energy and nutrient content of the sample formulas consisting of foods and breast milk (%). 

Hospital formula 
Formula based on the 
weaning guidelines 

Conformity formula* 
 

6 - 8 months 9 - 11 months 6 - 8 months 9 - 11 months 6 - 8 months 9 - 11 months 

Energy 150.7 (64.7) 158.3 (56.9) 100.6 (64.6) 100.7 (44.8) 100.3 (64.8) 100.2 (45.0) 

Protein 141.3 (46.7) 106.4 (37.2) 100.0 (44.0) 67.7 (29.2) 100.8 (43.7) 100.4 (19.9) 

Fat/energy ratio 93.6 86.2 100.0 100.0 148.4 137.6 

Vitamin B1 83.3 (36.0) 110.0 (27.3) 55.5 (36.1) 63.7 (23.5) 119.7 (16.7) 111.7 (14.9) 

Vitamin B2 112.5 (60.0) 127.5 (52.9) 72.9 (61.8) 82.5 (40.8) 153.5 (29.3) 170.8 (20.5) 

Niacin 136.7 (43.9) 193.3 (31.0) 107.1 (37.4) 89.0 (33.6) 149.3 (26.8) 153.7 (19.5) 

Vitamin B6 93.3 (0.0) 136.7 (0.0) 61.4 (0.0) 71.3 (0.0) 142.7 (0.0) 172.7 (0.0) 

Folic acid 138.5 (0.0) 193.8 (0.0) 103.2 (0.0) 111.5 (0.0) 319.2 (0.0) 258.5 (0.0) 

Vitamin B12 133.3 (0.0) 183.3 (0.0) 23.4 (0.0) 126.7 (0.0) 321.7 (0.0) 313.3 (0.0) 

Pantothenic acid 116.4 (77.3) 123.6 (73.2) 75.8 (79.1) 65.0 (69.0) 102.4 (58.6) 112.1 (40.1) 

Vitamin C 195.0 (57.7) 220.6 (51.1) 115.7 (64.8) 123.0 (45.6) 177.3 (42.3) 282.8 (20.3) 

Vitamin A 202.5 (51.1) 227.5 (45.5) 87.3 (79.1) 105.2 (49.1) 278.5 (24.8) 184.0 (28.1) 

Vitamin E 140.0 (73.5) 151.4 (67.9) 110.7 (61.9) 103.7 (49.5) 192.3 (35.7) 120.9 (42.6) 

Vitamin D 74.0 (73.0) 72.0 (75.0) 42.6 (84.5) 49.0 (55.0) 103.2 (34.9) 109.6 (25.5) 

Vitamin K 942.9 (13.6) 1,357.1 (9.5) 742.5 (11.5) 854.3 (7.5) 5,638.6 (1.5) 1,330.0 (5.4) 

Magnesium 113.3 (39.7) 148.3 (30.3) 77.5 (38.7) 92.3 (24.3) 231.0 (13.0) 211.0 (11.1) 

Calcium 127.2 (76.4) 137.6 (70.6) 86.8 (74.7) 98.4 (49.3) 157.9 (41.0) 150.2 (32.5) 

Phosphorus 160.8 (30.1) 140.0 (34.6) 79.2 (40.8) 103.2 (23.4) 122.9 (26.3) 169.2 (14.3) 

Manganese 174.0 (0.0) 234.0 (0.0) 89.9 (0.0) 127.2 (0.0) 413.0 (0.0) 273.8 (0.0) 

Iron 37.8 (21.2) 53.3 (15.0) 22.3 (23.9) 32.4 (12.3) 100.2 (4.4) 100.4 (4.4) 

Copper 156.7 (57.4) 190.0 (47.4) 117.0 (51.3) 120.0 (37.4) 191.7 (31.3) 140.7 (33.2) 

Zinc 140.0 (64.3) 166.7 (54.0) 94.0 (63.8) 102.7 (41.7) 108.3 (55.4) 126.7 (36.8) 

Potassium 142.3 (43.4) 172.6 (35.8) 80.6 (51.1) 96.1 (32.0) 110.8 (37.1) 155.9 (19.8) 

*Formula designed to maximally follow the DRI for every nutrient. Percentages of each nutrient derived from breast milk are shown in parentheses. 
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3.4. Formulas with 100% DRI for Pantothenic 

Acid, Vitamin D, or Iron (for Both Age 
Groups), or Protein (for Infants Aged 9 - 11 
Months) 

Among a total of six formulas that each satisfied the 
pantothenic acid, vitamin D and iron DRIs for infants, a 
FR of below 80% was observed in three formulas for 
pantothenic acid, in four formulas for vitamin D, and in 
four formulas for iron. The three types of formulas with 
100% DRI for pantothenic acid, vitamin D, or iron for 9 - 
11-month-old infants did not fulfil the protein DRI, while 
all the seven types of formulas contained a markedly 
large amount of vitamin K with a FR of above 800% 

(Table 5). 

3.5. Evaluation by Nutritional Components 

The energy content showed positive correlations (p < 
0.01) with the contents of pathtothenic acid in fish and 
vegetables (r = 0.413 and 0.498, respectively), vitamin D 
in fish (r = 0.658), and iron in vegetables (r = 0.227) and 
negative correlations (p < 0.01) with the contents of pan-
tothenic acid (r = –0.446) and iron (r = –0.376) in meat.  

The protein content showed positive correlations with 
the contents of pantothenic acid (r = 0.398 and 0.679, 
respectively) and iron (r = 0.248 and 0.696, respectively) 
in meat and vegetables and vitamin D in fish (r = 0.440) 

 
Table 5. Development of conformity formula for infants aged 6 - 8 months (1) and 9 - 11 months (2). 

(1)         (%)

Conformity formula* Nutrient FR Nutrient FR  Nutrient FR 
 

Nutrient FR 
Nutrient FR 

Pantothenic acid 100.0 Vitamin D 100.5  Iron 100.1 

    Folic acid 240.8 Vitamin K 821.5  Vitamin B12 777.7 

    Vitamin B12 466.6    Vitamin A 281.6 

    Vitamin A 294.0    Vitamin K 1,462.5

In
cr

ea
se

d 

    Vitamin K 1,991.2    Manganese 251.5 

Pantothenic 
acid 

102.4   Vitamin D 44.9 Vitamin B1 57.6  Vitamin D 43.6 

Vitamin D 103.2   Iron 44.9 Vitamin B2 78.9    

Iron 100.2     Vitamin B6 56.4    

      Vitamin B12 61.4    

 
     

Pantothenic 
acid 

79.5    

      Magnesium 77.4    

N
ut

ri
ti

on
 q

ua
nt

it
y 

R
ed

uc
ed

 

      Iron 25.7    

 
(2) 

Conformity formula*  Nutrient FR Nutrient FR Nutrient FR  Nutrient FR 
 

Nutrient FR  Protein 100.0 
Pantothenic

acid
100.5 Vitamin D 103.9  Iron 103.2 

   Niacin 336.2 Folic acid 359.0 Vitamin K 828.5  Vitamin B12 1,027.8

   Vitamin B6 234.6 Vitamin B12 533.0    Vitamin A 205.0 

   Folic acid 290.5 Vitamin C 215.6    Vitamin K 1,210.2

   Vitamin K 1,894.3 Vitamin A 368.0      

   Magnesium 225.8 Vitamin K 3,081.5      

In
cr

ea
se

d 

   Manganese 411.7 Manganese 313.7      

Protein 100.4  Iron 60.7 Protein 78.4 Protein 70.9  Protein 71.9 

Pantothenic 
acid 

112.1    Vitamin D 46.2 Vitamin B1 68.8 
 
 

Pantothenic
acid 

72.0 

Vitamin D 109.6    Iron 56.4 
Pantothenic

acid 
69.0  Vitamin D 35.4 

N
ut

ri
ti

on
 q

ua
nt

it
y 

R
ed

uc
ed

 

Iron 100.4      Iron 34.1    

The type of formulas were prepared by modifying the conformity formula to satisfy the 100% DRIs for either pantothenic acid, vitamin D, or iron (which were 
later found not to be fulfilled in the conformity formula), and the FR for other nutrients in the formulas were estimated as a percentage relative to the respective 
DRI. *Formula designed to maximally follow the DRI for every nutrient. 
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(all p < 0.01) and a negative correlation (p < 0.01) with 
iron in fish (r ＝ –0.190). 

4. Discussion 

In this study, we evaluated whether formulas fulfilling 
the DRIs-2010 [1] for all nutrients and in conformity 
with the Guidebook for Supporting Feeding and Weaning 
[5] can be prepared for 6 - 11-month-old breast-fed in-
fants. As a result, we found it impossible to prepare for-
mulas that simultaneously fulfilled the DRIs and Guide-
book for 6 - 8 or 9 - 11-month-old infants.  

The mean amounts of breast milk estimated to be in-
corporated into the hospital formulas for infants were 
more than the reference values used as a basis for the 
2010-DRIs [1] (600 and 450 mL for infants, respectively; 
Yoneyama et al. [7,8]), while those estimated for the 
formulas based on weaning guidelines and conformity 
formulas for both age groups were equal to the reference 
values, which were less than the values estimated by 
Nakano et al. [9] (approximately 680 and 520 mL for 
infants aged 7 and 9 months, respectively) and Heinig et 
al. [10] (646 mL for 9-month-old infants).  

The AIs for vitamin A (for both age groups) and pro-
tein (for 9 - 11-month-old infants) have been increased 
compared to the DRIs-2005 [2], the vitamin A and pro-
tein contents in the formulas exceeded the target values. 
The hospital formulas did not fulfil the target level of 
vitamin D or iron, although they contained energy and 
protein in amounts more than the respective target levels. 
The DRI for vitamin D has been increased in the DR- 
Is-2010 compared to the previous value, resulting in dif-
ficulty in satisfying the current DRI. In the DRIs-2010, 
the iron DRI has been reduced, but the value was not 
fulfilled in the hospital formulas. The hospital formula 
for infants aged 6 - 8 months did not achieve the target 
levels of vitamins B1 and B6, while the formula satisfied 
that of pantothenic acid, because the formula incorpo-
rated a considerable amount of breast milk, a rich source 
of pantothenic acid (Table 4).  

In the formulas based on weaning guidelines for in-
fants, FRs of below 50% were observed for vitamin D 
and iron, and FRs of below 80% were noted for vitamins 
B1, B6, and pantothenic acid. Unlike the hospital formu-
las, the formulas based on weaning guidelines did not 
satisfy the target levels of pantothenic acid, with a FR of 
less than 65% in the formula for 9 - 11-month-old infants. 
To achieve the target intake level of protein (15 g), the 
formulas based on weaning guidelines for 6 - 8-month- 
-old infants needed to incorporate low-protein foods from 
the groups II and III, resulting in low FRs for numerous 
nutrients (Table 4). On the other hand, with a higher 
target intake level of protein (25 g), the formulas based 

on weaning guidelines for infants aged 9 - 11 months re- 
quired high-protein foods, thereby providing an increa- 
sed variety of nutrients in amounts sufficient to fulfil the 
target levels. However, it was found to be difficult to 
achieve the target level of protein (25 g), even by in-
creasing the amount of group III foods (protein sources) 
to a level exceeding the recommended group III intake 
described in the weaning guidelines [5]. The fulfilment 
of a protein content of 25 g would exceed the target level 
of energy.  

The conformity formulas fulfilled the target level of 
every nutrient; however, the formulas were less likely to 
be applicable in practical settings because the formulas 
required the exclusive and regular selection of specific 
food items that can concomitantly provide high amounts 
of pantothenic acid, vitamin D, and iron, and thus, con-
sisted of a limited number of food items. The FRs of vi-
tamin D and iron were below 100% in the four types of 
formulas including the hospital formulas and formulas 
based on weaning guidelines for infants. The FRs of vi-
tamins B1, B6, and pantothenic acid were less than 80% 
in the formulas based on weaning guidelines for both age 
groups. The FR of vitamin K was above 700% in all the 
six types of formulas including the hospital formulas, 
formulas based on weaning guidelines, and conformity 
formulas for infants.  

To further evaluate the relationship between the 
weaning guidelines and DRIs, we attempted to prepare 
formulas that would fulfil the DRIs of pantothenic acid, 
vitamin D, iron, and protein for 9 - 11-month-old infants, 
which could not be fulfilled in the formulas based on the 
weaning guidelines. Formulas that fulfilled all DRIs 
could be prepared, but they were hardly ingestible.  

Concerning nutritional components, also, contradic-
tory selection of food items was necessary to fulfil the 
DRIs of pantothenic acid (5 mg), vitamin D (5 μg), and 
iron (4.5 mg) for 6 - 8 and 9 - 11-month-old infants and 
the DRI of protein for 9 - 11-month-old infants (25 g). It 
was practically impossible to prepare a weaning formula 
that could simultaneously satisfy the DRIs-2010 for in-
fants [1] according to the weaning guidelines [5], which 
was mainly due to markedly low FRs of pantothenic acid, 
vitamin D, and iron (for infants), and protein (for those 
aged 9 - 11 month), as well as moderately low FRs of 
vitamins B1 and B6, and a high FR of vitamin K. To fulfil 
the DRIs of all these nutrients, the energy intake inevita-
bly exceeds the tolerable range.  

Therefore, we evaluated the pantothenic acid, vitamin 
D, iron, energy, and protein contents of fish, meat, and 
vegetables excluding processed foods, using Spearman’s 
rank correlation coefficient. If fish and vegetables with 
high pantothenic acid and vitamin D contents were selec- 
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ted, the protein and energy contents became excessive for 
6 - 8 and 9 - 11-month-old infants, respectively. If meat 
with high pantothenic acid and iron contents were se-
lected to increase their intake, energy becomes deficient, 
and protein becomes excessive, for 6 - 8-month-old in-
fants. In 9 - 11-month-old infants, if fish was selected to 
increase the iron content, the protein became deficient. 

In the DRIs-2010 [1], the pantothenic acid AI was 
calculated based on the concentration of pantothenic acid 
in the mature breast milk of Japanese women [11] and 
the breast milk intake of infants aged 0 - 5 months 
(0.78 L/day) [12-14].  

The 2008 and earlier National Health and Nutrition 
Surveys [3] did not evaluate the nutrient intakes among 
infants. Furthermore, only a limited number of surveys 
have been conducted regarding the dietary intakes in 
these age groups [15-17], suggesting that the pantothenic 
acid DRI in the 2010 version [1] may poorly reflect the 
actual dietary intake of pantothenic acid. The protein AI 
for infants aged 9 - 11 months in the DRIs-2010 [1] was 
calculated by means of the following calculation scheme: 
protein AI was estimated based on dietary surveys on 

protein intake from weaning foods [9,18]. The protein AI 
in the DRIs-2010 [1] thus estimated is therefore more 
practical than that in the DRIs-2005 [2]; however, the 
value could not be fulfilled in a manner consistent with 
the weaning guidelines’ [5] recommended food-group 
intake.  

Although the EER for infants aged 9 - 11 months has 
been set lower than that for children aged 1 - 2 and 3 - 5 
years, the protein AI for infants aged 9 - 11 months (25 g) 
has been estimated as higher than the protein EARs for 
children aged 1 - 2 and 3 - 5 years (15 and 20 g, respecti- 
vely), and equal to the EAR for children aged 6 - 7 years.  

As we reported previously [4], the contents of each 
nutrient in various food items do not differ between Ja-
pan and Canada. However, the Japanese DRIs for pan-
tothenic acid (for infants) and protein (for those aged 9 - 
11 months) are higher than those in other countries (Ta-
ble 6(1)). [1,19-28] The Japanese DRI for vitamin D is 
equal to or lower, the iron DRI is lower, the vitamin K 
DRI is slightly lower, and the vitamins B1 and B6 DRIs 
are similar to the respective DRIs in other countries.  

As clearly shown by Table 6(2), the recommended  
 

Table 6. Recommended nutrient intakes in Japan and other countries (1) and nutritional contents of various formulas (2). 

(1) 

(Country) (Month) 
Protein 

(g) 
Vitamin B1

(mg) 
Vitamin B6

 

(mg) 
Pantothenic 

acid(mg) 
Vitamin D

(g) 
Vitamin K 

(g) 
Iron 
(mg) 

(Year)

6 - 8 15 3.5  
(estimated mean) 

Japan 
9 - 11 25 

0.3 0.3 5 5 7 4.5  
(recommended 

amount) 

2010

Bioavailability 
6.2 (15%) 
7.7 (12%) 
9.3 (10%) 

WHO 7 - 12 - 0.3 0.3 1.8 5 10 

18.6 (5%) 

2004

USA/Canada 7 - 12 13.5 0.3 0.3 1.8 5 2.5 11 1997
7 - 9 13.7 0.2 0.3 United 

Kingdom 10 - 12 14.9 0.3 0.4 
1.7 7 10 7.8 1991

Germany- 
Austria- 
Switzerland 

4 - 12 
10  

(6 - 12 
months) 

0.4 0.3 3 10 10 8 2000

Philippines 6 - 12 14 0.4 0.3 - 5 9 10 2002
7 

(estimated average 
requirements) 

Australia- 
New Zea-
land 

7 - 12 14 0.3 0.3 2.2 5 2.5 
11 

(recommended 
dietary intake) 

2005

South Korea 5 - 10 25 0.4 0.5 - 10 - 
10 

Biological values of 
calorie intake 

1995

Vietnam 6 - 11 21-25 (7 - 12 
months) 0.3 0.3 - 5 9 

18.6 (5%) 
12.4 (10%) 
9.3 (15%) 

2007

Indonesia 0 - 1 (year) 12-15 0.3-0.4 - - - - 3 - 5 1994

6 - 9 17 0.32 - - 10 - 
Singapore 

9 - 12 18 0.38 - - 10 - 
7 2003

Thailand 0 - 1 (year) NS-1.8 g/kg 0.3 - 0.5 - - - - 6 - 8 1988
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(2) 

(Formula) (Month) 
Protein 

(g) 
Vitamin B1

(mg) 
Vitamin B6

(mg) 
Pantothenic 

acid(mg) 
Vitamin D 

(g) 
Vitamin K 

(g) 
Iron 
(mg) 

Hospital formula 21.2 0.25 0.28 5.82 3.7 66 1.7 

Formula based on the 
weaning guidelines 

15.0 0.20 0.18 3.79 2.1 52 1.0 

Conformity formula* 

6 - 8 
months 

15.1 0.36 0.43 5.12 5.2 395 4.5 

Hospital formula 26.6 0.33 0.41 6.15 3.6 95 2.4 

Formula based on the 
weaning guidelines 

16.9 0.19 0.21 3.25 2.5 60 1.5 

Conformity formula* 

9 - 11 
months 

25.1 0.34 0.52 5.61 5.5 93 4.5 

NS, not stated; *Formula designed to maximally follow the DRI for every nutrient. 

 
intakes of pantothenic acid and protein in the foreign 
guidelines can be fulfilled by the formulas based on 
weaning guidelines prepared in this study. In Canada, 
vitamins B1- and B6-fortified or enriched wheat flour [29] 
and cereals [30] are rich sources of the vitamins. Simi-
larly, in Canada, vitamin D-supplemented milk and in-
fant vitamin supplements [31] are available, and iron- 
fortified infant formulas has been recommended by the 
Dietitians of Canada [32]. These findings indicate that, in 
Japan, nutrition education for infant feeding practices 
should focus more on low fulfilment rates of vitamin B1, 
B6, D and iron and encourage the selection of health 
foods, such as government-approved foods for specified 
health use, containing these nutrients. 

5. Conclusions 

These results demonstrate that it is practically impossible 
to prepare a weaning formula that can compatibly satisfy 
the DRIs-2010 for 6 - 8 and 9 - 11-month-old infants [1] 
and the weaning guidelines [5]. When determining the 
DRIs [1] and weaning guidelines [5], consideration 
should be given not only to medical and nutritional fac-
tors, but also to practical aspects of meal planning such 
as dietary patterns and food combinations. 
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