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1. Background Information
1-1. Definitions and Classifications

Proteins are made up of 20 different amino acids linked by peptide bonds. They are
important components of organisms, and their types differ depending on the number and types
of amino acids, and the sequence of the peptide bonds. Many types of proteins exist, ranging
from those with a molecular weight of around 4,000 to viral proteins with molecular weights
from several tens of millions to hundreds of millions. Proteins with a small number of amino
acids linked by peptide bonds are referred to as peptides. Proteins are composed of 20 different
amino acids, which are directly encoded by codons. Of these 20 amino acids, humans can
synthesize 11 from other amino acids or intermediate metabolites. The remaining nine amino
acids must be consumed from diet, and are referred to as essential amino acids. The essential
amino acids are histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine,
tryptophan, and valine.

2. To Avoid Inadequacy
2-1. Factors to be Considered in Estimating Requirements

In the previous versions, the DRIs for proteins were calculated on the basis of the
amount required to maintain nitrogen balance. To calculate the DRIs for proteins, using the
nitrogen balance method, the following must be considered: (1) technical difficulties, (2)
metabolic adaptations associated with changes in protein intakes, (3) the protein-sparing effect
of energy, (4) lifestyle, and (5) interindividual variability.

2-1-1. Technical Difficulties Associated with the Nitrogen Balance Method

The nitrogen balance method requires all nitrogen intakes, and nitrogen excretion to
be accurately quantified. However, as it is difficult to collect data on all foods that were not
consumed, such as spilled food and food left on the plate, it is likely that the nitrogen intake
may be overestimated. Nitrogen is excreted from the body primarily through urine and feces;
however, it can also be eliminated via various bodily secretions such as the skin, sweat,
desquamation, hair, and nails. This total excretion is more likely to be underestimated than
overestimated. This overestimation of protein intake and underestimation of protein excretion
may mistakenly produce a positive nitrogen balance. Therefore, this erroneous calculation may
lead to the underestimation of protein or amino acid requirements.

2-1-2. Metabolic Changes Associated with Changes in Protein Intake

When the amount of dietary protein intake is changed, a certain amount of time must
normally be given until the change is adapted. This is not only because the human metabolism
requires time to adapt to new protein intake, but also because the body’s urea pool needs to
adjust to the change in protein intake. The urea pool expands or shrinks with increases or

66



Il Energy and Nutrients
Protein

decreases in protein intake with a half-life of approximately 8-12 hours. It takes more than 48
hours for the pool to reach its new size. During this time, urea nitrogen emissions cannot be
used as indicators of amino acid oxidation.

In 1985, a joint report by the FAO/WHO/UNU concluded that major adjustments are
complete within the first five to seven days, in each sex and age group. On the basis of this
conclusion, nitrogen balance studies that allow 1 week or less for adjustments are less likely to
produce reliable data; thus, studies that allow a dietary adjustment period of 1-3 weeks must
be used.

2-1-3. Protein-Sparing Effect of Energy

Protein utilization efficiency changes with intakes of protein, amino acids, and total
nitrogen. Protein metabolism is also affected by intakes of nutrients other than nitrogen
compounds. The effect of energy intake on protein metabolism has long been known as the
sparing protein effecty). Energy deficiency reduces protein utilization efficiency, whereas
increased energy intake improves nitrogen balance®. The promotion of protein synthesis, and
suppression of decomposition due to the increased secretion of insulin contribute to this. In
addition, a report on nitrogen balance in adults (361 individuals) revealed a significant positive
correlation between energy intake and nitrogen balance®. Moreover, a previous experiment
regarding protein requirement found that energy balance tended to be positive, and that protein
requirement was underestimated. However, it has recently become possible to successfully
measure protein requirement in a state of energy equilibrium.

2-1-4. Lifestyle Behavior
2-1-4-1. Physical Activity and Exercise
In individuals with a large intake, who actively engage in activities, protein
requirements can easily be met, and they may not need to worry about the quality of the proteins
consumed. However, inactive and elderly individuals are prone to protein or other nutrient
deficiencies if they do not pay attention to their diet. Lack of exercise leads to body protein
catabolism, while appropriate exercise enhances the use of dietary proteins. Strenuous exercise
enhances the breakdown of proteins. Therefore, protein requirement follows a U-shape,
depending on the exercise intensity®. Some studies in children and adults reported that
appropriate exercise promotes growth, and enhances the use of dietary proteins®®
Transdermal nitrogen loss generally increases due to perspiration during exercise,
resulting in the hypercatabolism of amino acids, and decreased synthesis and increased
decomposition of proteins by the body. However, once exercise ends, the synthesis of proteins
by the body exceeds their decomposition, and the lost nitrogen is often regained. Protein
requirements reportedly do not increase when mild or moderate exercise (200-400 kcal/day) is
performed®,
2-1-4-2. Rest and Stress
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Daily stress is only addressed in reports on nitrogen balance tests after 48 hours of
sleep deprivation, and at the end of the academic year, in university students. The quantitative
impact of mild stress on nitrogen balance is not clear. Moreover, daily stress also has an effect
on the participants of nitrogen balance tests, and because this effect is already included in the
amount required to maintain nitrogen balance, it was decided not to estimate a safety margin
for stress.
2-1-4-3. Smoking and Drinking

Smoking causes cellular free-radical damage, while drinking, both directly and
indirectly, affects metabolism. However, the quantitative relationship between protein
requirement, and smoking or drinking is unclear.

2-1-5. Interindividual Variability

A wide range (10%-40%) of amounts required to maintain nitrogen balance has been
reported to date. This range of variability includes intraindividual variability and researcher-
related variability, such as experimental conditions and experimental errors, in addition to
interindividual variability. According to the results of the data analysis of 235 participants from
19 studies, inter-researcher variability accounted for 40% of the observed variability, while the
remaining 60% was due to intra-researcher variability®. Furthermore, the outcomes of
repeating the measurements in the same participants revealed that two-third of the intra-
researcher variability was intraindividual variability, and one-third was true interindividual
variability. The coefficient of variation was 12%. However, the coefficient of variation was set
at 12.5%, in light of the bias in the variation curve. This was used as the basis for setting an
RDA calculation coefficient of 1.25, when calculating the RDA from the EAR.

2-2. Methods Used to Set the Estimated Average Requirement and Recommended Dietary
Allowances
2-2-1. Adults

The protein maintenance requirement of high-quality (animal) proteins measured in
the nitrogen balance experiment was used as a basis for calculating the reference value for the
estimated average requirement (EAR), corrected for the digestive efficiency of mixed proteins
in everyday meals. Interindividual variability was then added to this in order to calculate the
recommended dietary allowance (RDA). To assess the quality of everyday mixed proteins,
amino acid intake was calculated from protein intake and the amino acid compositions of each
food group presented in the results of the 2010 and 2011 National Health and Nutrition
Survey®®. This amino acid score exceeds 100 even if the 1973 FAO/WHO™"Y amino acid
scoring patterns, the 1985 FAO/WHO/UNU® amino acid scoring patterns, and the 2007
FAO/WHO/UNU® scoring patterns are used as reference. Therefore, no quality correction is
necessary.

When the values of the 17 studies that examined the nitrogen balance maintenance
dose of high-quality (animal) protein were averaged, the protein maintenance requirement was
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determined to be 0.65 g/kg body weight (BW)/day (104 mg nitrogen/kg BW/day)®4-29),
Consequently, this value was decided to be the protein maintenance requirement (Table 1).

A study that measured the digestive efficiency of everyday mixed proteins in women
(12 individuals) reported an average efficiency of 92.2%?%. In addition, the result for men (6
individuals) was 95.4%%%. The digestive efficiency of everyday mixed proteins was, therefore,
set at 90%, and the EAR was calculated with the following formula. The RDA was the value
for EAR multiplied by an RDA calculation coefficient of 1.25, assuming an interindividual
coefficient of variation of 12.5%.
Reference value for EAR calculation (g/kg BW/day) = protein maintenance requirement
+ digestive efficiency = 0.65 + 0.90 =0.72
EAR (g/day) = reference value for EAR calculation (g/kg BW/day) x reference BW (kg)
RDA (g/day) = EAR (g/day) x RDA calculation coefficient

2-2-2. Elderly Individuals

During adulthood, physiological functions such as maximum voluntary ventilation,
renal blood flow, and vital capacity decline, skeletal muscle mass tends to decrease, and body
fat mass tends to increase due to aging. While muscle protein metabolism decreases, visceral
protein metabolism remains largely unchanged. Decreases in protein metabolic turnover and
physiological functions are thought to influence protein utilization efficiency in the elderly.
However, some reports found that there were no differences between the EAR of protein among
elderly individuals and that among young adults (aged 18-31 years)®. Elderly individuals
generally have inactive daily lives, and, thus, have a low dietary intake, and often experience a
loss of appetite. These differences in lifestyle are also thought to influence the EAR of protein.

The mean value of the amount of nitrogen balance maintenance observed in healthy
elderly individuals, under normal dietary intake conditions, was considered as the reference
value in the determination of the EAR.

Of the reports that examined protein reference values for EAR calculation in elderly
individuals, a pooled analysis was conducted using 144 data on the nitrogen balance of 60
participants, from five studies, that presented the nitrogen balance results of individuals®®3-33),
The average value (0.85 g/kg BW/day [136 mg nitrogen/kg BW/day]) obtained from this pooled
analysis was set as the reference value for the EAR calculations (Figure 1). However, the
digestion-absorption rate of mixed proteins was 90% with this reference value, which is the rate
obtained after correcting the other nitrogen loss values, using the actual values and 5 mg/kg
BW/day. Moreover, the RDA was calculated by multiplying the EAR and an RDA calculation
coefficient of 1.25, assuming that the interindividual coefficient of variation was the same as
that of adults (12.5%).

EAR (g/day) = reference value for EAR calculation (g/kg BW/day) x reference BW (kg)
RDA (g/day) = EAR (g/day) x RDA calculation coefficient
A significant amount of elderly individuals living in nursing homes or receiving home
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care are undernourished and exhibit a negative nitrogen balance®®. Moreover, frailty is
frequently observed in elderly individuals with decreased protein intakes®®. When the PAL
drops, the protein metabolism of the skeletal muscle decreases, which in turn leads to increases
in the EAR of protein. Since the EAR of protein also increases when the energy intake is low,
a different amount of protein replenishment than that for healthy individuals needs to be
considered for such elderly individuals.
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Figure 1 The nitrogen balance of elderly individuals (from 5 studies’ results) (23.30-33)

2-2-3. Children
The reference value for EAR, in children aged 1-17 years, was calculated using the
additive factor method, from the protein maintenance requirement and protein depositions
accumulated with growth (Table 2). The utilization efficiency is the protein utilization
efficiency during weight maintenance. The EAR was calculated by multiplying the reference
value and reference BW. The RDA was calculated by multiplying the EAR and an RDA
calculation coefficient of 1.25, assuming the interindividual coefficient of variation was the
same as that of adults (12.5%).
Reference value for EAR calculation (g/kg BW/day) = (protein maintenance requirement
+ utilization efficiency) + (protein deposition + deposition efficiency)
EAR (g/day) = reference value for EAR calculation (g/kg BW/day) x reference BW (kg)
RDA (g/day) = EAR (g/day) x RDA calculation coefficient
In order to obtain the protein maintenance requirement, the mean value (0.67 g/kg
BW/day [107 mg nitrogen/kg BW/day]) obtained from the nitrogen balance method results©6-
“Dof growing infants (9-62 months), children (8-9 years), and adolescents (12—14 years) was
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used (Table 3). However, the nitrogen loss via routes other than urine and feces was set at 6.5
+ 2.3 mg nitrogen/kg BW/day (5-9 mg nitrogen/kg BW/day) on the basis of currently available
reports®842-4) ‘and the above-stated maintenance requirement was calculated using this value.
Given that no evidence was found stating that the maintenance requirement differs according
to the developmental stage (infancy, childhood, and adolescence), this value was used for
children of all ages.

Protein deposition was calculated as the amount of accumulated protein, in accordance
with growth, using the increase in reference BW in each child age group, and the ratio of body
protein to reference BW. The ratio of body protein to a child’s BW was calculated on the basis
of body composition values from birth to age 10 years“®, from ages 4 months to 2 years“?,
and from ages 4 to 18 years®“®),

For utilization efficiency, the results of 9-14-month-old infants (with a utilization
efficiency of 70% and deposition efficiency of 40% for weight maintenance in 1-year-old
infants)®® were used. In addition, the deposition efficiency was considered as 40% throughout
childhood, and the utilization efficiency for weight maintenance was considered to be close to
the value for adults, in accordance with growth (90%).

Furthermore, values were rounded considering the importance of protein intake in
children.

2-2-4. Additional Amount for Pregnant Women

The body protein deposition during pregnancy can be calculated indirectly from an
increase in body potassium. The average increase in body potassium in the late-stage of
pregnancy is 2.08 mmol/day®®%?. Using a potassium-to-nitrogen ratio of 2.15 mmol
potassium/g nitrogen®® and protein conversion factor of 6.25, the body protein deposition was
calculated using the following formula.

Protein deposition (g/day) = body potassium increment + 2.15 x 6.25

When calculating body protein depositions, changes due to weight gain during
pregnancy need to be taken into account. More specifically, the final weight gain was set at 11
kg®®), and the weight gains of participants during pregnancy, in various studies, were corrected
to find the increase in body potassium, in each study. Accordingly, the body protein deposition
was calculated as shown in Table 4.

Based on a report which stated that the protein deposition ratio of the first, second and
third trimesters was 0:1:3.962, the total body protein deposition was found for the second and
third trimesters if observations had been made during those trimesters in the report (280 days
of pregnancy multiplied by 2/3) and the body protein deposition per day was calculated for each
trimester after allocating depositions to the second and third trimesters using the simple ratio
stated above.

The depositions calculated by the simple averaging of the values obtained from each
study were 0 g/day in the early-stage, 1.94 g/day in the mid-stage, and 8.16 g/day in the late-
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stage. The protein deposition efficiency was set at 43%“%. Using these values, the additional
amounts required during pregnancy (EAR) were set at 0 g/day + 0.43 = 0 g/day (rounded to 0
g/day) in the early-stage, 1.94 g/ day + 0.43 = 4.51 g/ day (rounded to 5 g/day) in the mid-stage,
and 8.16 g/ day + 0.43 = 18.98 ¢/ day (rounded to 20 g/day) in the late-stage. The additional
amount (RDA) was 0 g/day (rounded to 0 g/day) in the early-stage, 5.64 g/day (rounded to 10
g/day) in the mid-stage, and 23.73 g/day (rounded to 25 g/day) in the late-stage. The RDA
values were obtained by multiplying the EAR and a RDA calculation coefficient of 1.25,
assuming an interindividual coefficient of variation of 12.5%.

2-2-5. Additional Amount for Lactating Women (EAR, RDA)

A substantial portion of the protein accumulated during pregnancy is lost during
delivery. However, some of the protein accumulated in the body remains in the mother. Protein
is also lost due to weight loss and lactation during the puerperal period. It was, therefore,
decided that the amount of protein added is offset against pregnancy-related residual deposits
of protein and residual weight gain. Thus, the amount of protein added during the lactation
period is only the amount added for lactation.

The average lactation yield per day, given a child is only fed breast milk for the first 6
months until weaning, was set at 0.78 L/day®*%%, and the average protein concentration of
breast milk during this period was set at 12.6 g/L®>%61-66) The conversion efficiency from
dietary protein to breast milk protein was set at 70% on the basis of Report 1 by the
FAO/WHO/UNU in 19852, The additional amount required by lactating women (EAR) was
rounded to 15 g/day using these values (12.6 g/L x 0.78 L/day + 0.70 = 14.04 g/day). The
additional amount (RDA) was set at 17.6 g/day (rounded to 20 g/day) by multiplying the EAR
and a RDA calculation coefficient of 1.25, assuming an interindividual coefficient of variation
of 12.5%.

2-3. Methods Used to Set Adequate Intake
2-3-1. Infants

Since protein requirement cannot be determined using the nitrogen balance method in
infants, as is done in adults, it is calculated from the amount of protein contained in the infant
formulas and breast milk consumed by healthy infants. This requirement was, therefore,
determined based on the concept of adequate intake (Al). Moreover, there is no scientific
evidence on the utilization efficiency of protein from infant formulas. The setting of DRIs for
protein in artificially fed infants was, therefore, postponed, and a reference value was provided
instead.

When infants enter the weaning period, they start to consume protein from sources
other than breast milk, and, consequently, a different calculation method of DRIs for protein is
used. Therefore, Al was determined for infancy in 3 stages into which the infancy period was
divided: 0-5 months, 6-8 months, and 9-11 months.
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2-3-1-1. Infants Aged 0-5 Months

No studies have reported on the protein deficiency caused by lactation in infants aged
0-5 months. Therefore, the Al is calculated from the milk intake and the protein concentration
of breast milk. In terms of the milk intake among infants, no clear differences were observed
between the values in Japan and those in other countries, at 0.63-0.86 L/day®*®9, so a mean
of 0.78 L/day was used. The protein concentration of breast milk is also not considered to differ
between races®>%61-66) Thus, the average protein concentration of breast milk during this
period was set at 12.6 g/L.

Al (g/day) = 12.6 (g/L) x 0.78 (L/day) = 9.83

2-3-1-2. Infants Aged 6-8 Months
Once infants enter the weaning period, their nutrient intake greatly changes. The

protein intake from baby foods, in infants aged 6-8 months, was estimated at 6.1 g/day, based
on studies in Japanese people®”). Meanwhile, the average milk intake of infants during this
period was set at 0.60 L/day®®5"), and the protein concentration of breast milk was set at 10.6
L/day®6183), The Al of protein from breast milk, and sources other than breast milk can,
therefore, be calculated as follows:

Al (g/day) = protein concentration of breast milk x average milk intake + amount of
protein from baby foods other than breast milk = 10.6 (g/L) x 0.60 (L/day) + 6.1 (g/day) =
12.5

2-3-1-3. Infants Aged 9-11 Months
The protein intake from baby foods, in infants aged 9-11 months, was estimated at

17.9 g/day, based on studies in Japanese people®”®). Meanwhile, the average milk volume of
infants during this period was set at 0.45 L/day®®", and the protein concentration of breast
milk was set at 9.2 L/day®861-83), Therefore, the Al of protein from breast milk, and sources
other than breast milk can be calculated as follows.

Al (g/day) = protein concentration of breast milk x average milk intake + amount of
protein from baby foods other than breast milk = 9.2 (g/L) x 0.45 (L/day) + 17.9 (g/day) =
22.0

2-3-1-4. Artificially fed Infants
The DRIs for protein, in artificially-fed infants, was provided as a reference value,

taking into account the utilization efficiency of protein from infant formulas. The Al reference
value for artificially fed infants was calculated as follows, assuming the utilization efficiency
of protein from infant formulas to be 70% of that of breast milk®?),

0-5 months (g/day): 12.6 (g/L) x 0.78 (L/ day) + 0.70 = 14.0

6-8 months (g/day): 10.6 (g/L) x 0.60 (L/ day) + 0.70 + 6.1 (g/ day) = 15.2

9-11 months (g/day): 9.2 (g/L) x 0.45 (L/ day) + 0.70 + 17.9 (g/ day) = 23.8
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3. Avoiding Excessive Intake
3-1. Determining the UL (Tolerable Upper Intake Level)

The UL of protein must be determined based on the adverse health events caused by
the excessive intake of protein. However, at present, there are an insufficient number of reports
providing clear evidence on the determination of the UL of protein. Therefore, a UL for protein
was not set.

4. Preventing the Development and Progression of Life-style Related Diseases (LRDSs)

The development and progression of LRDs (hypertension, dyslipidemia, diabetes, and
chronic kidney disease) are the result of the interaction between environmental factors
(lifestyle) and genetic ones. Providing optimal nutrition may be highly significant in preventing
the development or progression of these LRDs.

4-2. Methods Used to Set the DG (Tentative Dietary Goal for Preventing LRDs)

The methods used to set the DG are summarized in “Energy Providing Nutrients’
Balance.”
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DRiIs for Proteins
(EAR, RDA, Al: g/day, DG (median): % energy)

Gender Males Females
DG! DG'!
Age etc. EAR | RDA Al ) EAR | RDA Al )
(Median ?) (Median ?)
0-5 months * — — 10 — — — 10 —
6-8 months * — — 15 — — — 15 —
9-11 months * — — 25 — — — 25 —
1-2 years 15 20 — 13-20(16.5) 15 20 — | 13-20(16.5)
3-5 years 20 25 — 13-20(16.5) 20 25 — | 13-20(16.5)
6-7 years 25 35 — 13-20(16.5) 25 30 — | 13-20(16.5)
8-9 years 35 40 — 13-20(16.5) 30 40 — | 13-20(16.5)
10-11 years 40 | 50 | — | 13-20(16.5) | 40 50 | — | 13-20(16.5)
12-14 years 50 | 60 | — | 13-20(16.5) | 45 55 | — | 13-20(16.5)
15-17 years 50 | 65 | — | 13-20(16.5) | 45 55 | — | 13-20(16.5)
18-29 years 50 | 60 | — | 13-20(16.5) | 40 50 | — | 13-20(16.5)
30-49 years 50 | 60 | — | 13-20(16.5) | 40 50 | — | 13-20(16.5)
50-69 years 50 | 60 | — | 13-20(16.5) | 40 50 | — | 13-20(16.5)
70+ years 50 60 — 13-20(16.5) 40 50 — | 13-20(16.5)
Pregnant women
(additional) +0 +0
Early-stage +5 +10 — —
Mid-stage +20 +25
Late-stage
Lactating women
+15 +20 — —
(additional)

* Als for infants are values for breast-fed children.
1 Ranges are expressed as approximate values.

2 Medians indicate the median values for the given range. They do not indicate most desirable values.
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